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9Glossary
ADHD  =  Attention Deficit Hyperactivity Disorder
ASHS  =  Adolescent Sleep Hygiene Scale
ASWS  =  Adolescent Sleep Wake Scale
cAMP  =  Cyclic Adenosine Monophosphate
CBCL  =  Child Behaviour Checklist
DA  =  Dopamine
DRD2  =  Dopamine D2 Receptor Gene
DRD4  =  Dopamine D4 Receptor Gene
EFs  =  Executive Functions
GABA  =  Gamma Aminobutyric Acid 
IAT  =  Implicit Association Test
M/E  =  Morningness/eveningness
NAc  =  Nucleus Accumbens core
OPRM1  =  μ-Opioid Receptor Gene
PFC  =  Prefrontal Cortex
PKA  =  Protein Kinase A
SDQ  =  Strengths and Difficulties Questionnaire
SNP  =  Single Nucleotide Polymorphism
SOPT  =  Self-Ordered Pointing Task
SRC  =  Stimulus Response Compatibility 
VNTR  =  Variable Number of Tandem Repeats
VP  =  Visual Probe 
VTA  =  Ventral Tegmental Area
WAT  =  Word Association Test
WM  =  Working Memory
WMC  =  Working Memory Capacity
YSR  =  Youth Self Report
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Chapter 1
 General 
introduction 
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Alcohol Use by Young Adolescents
Alcohol use by (young) adolescents is common: 21% of 6th graders (Dutch group 8) has 
drunk alcohol at least once. After years of increase, alcohol use among adolescents has 
decreased during the past years. This was especially true for 12 to 14 year old adolescents 
(Van Laar et al., 2013). In addition, adolescents started drinking at a later age. Binge drin-
king also decreased among adolescents (Van Laar et al., 2013). However, Dutch adoles-
cents on average still drink more alcohol compared to their peers from other European 
countries (Van Laar et al., 2013), even though it is illegal in the Netherlands to sell alcohol 
to adolescents under the age of 18 (see also www.rijksoverheid.nl).
  Insights into the mechanisms that are responsible for early onset and binge drin-
king and potential detrimental effects on adolescent development that could lead to alco-
hol use problems later on are of great importance. Alcohol use problems are prevalent in 
22% of 16-24 year old Dutch adolescents (Van Dijck & Knibbe, 2005). Problem drinking is 
related to several negative health outcomes, such as unsafe sex, reckless driving, but also 
brain damage and cognitive deficits (Brown, Tapert, Granholm, & Delis, 2000; Gruber, 
DiClemente, Anderson, & Lodico, 1996; Hingson, Heeren, Zakocs, Winter, & Wechsler, 
2003; Wechsler, Davenport, Dowdall, Moeykens & Castillo, 1994). Also, it has been sug-
gested that an early onset of alcohol use increases the odds of developing alcohol use 
problems or alcohol dependence (Agrawal et al., 2009; Grant et al., 2006; Hingson et al. 
2006; see also Kuntsche, Van der Vorst, & Engels, 2009 for a nuanced discussion on this 
topic). Therefore, it is crucial to examine which factors are related to alcohol use in (early) 
adolescence. 
Adolescent Development
Models of adolescent brain development emphasize that a tendency towards risky beha-
viours, such as alcohol use, is the result of an imbalance in the development of two 
neural systems: on one hand, an affective system that develops swiftly in parallel with 
hormonal developments during puberty and on the other hand a reflective system that 
matures relatively more slowly and does not reach its final form until young adulthood 
(e.g., Casey, Jones, & Hare, 2008; Ernst, Pine, & Hardin, 2006; Gladwin, Figner, Crone, 
& Wiers, 2011; Somerville, Jones, & Casey, 2010). The former system is dependent on 
quickly developing neural circuits encompassing the striatum/nucleus accumbens (NAc; 
and more limbic areas, cf. the triadic model of Ernst et al., 2006), associated with affec-
tive and reward-driven processes, while the latter is associated with more slowly matu-
ring lateral prefrontal regions. Imbalance in brain development during adolescence may 
explain why adolescents are at stake when it comes to inhibiting the appetitive motivation 
for a potentially rewarding stimulus, such as alcohol. 
  However, these models have been challenged in a recent review stating that the 
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emphasis is too much on frontal cortical immaturity, which has not been demonstrated 
consistently in empirical neuroimaging studies (Crone & Dahl, 2012). Moreover, these 
models are strongly based on neuroimaging studies that do not employ longitudinal 
designs, but cross-sectionally compare “adolescents” with “children” or “adults” (Crone & 
Dahl, 2012). Crone and Dahl (2012) suggest that it is a combination of flexibility in prefron-
tal cortex (PFC) recruitment and changes in social-affective processing which can result 
in vulnerabilities to engage in risky behaviours, such as alcohol use.
Impulsive and Reflective Processes
Many studies aimed at exploring the relation between appetitive motivation and alcohol 
use have assessed motivational processes using self-report measures. Motivational pro-
cesses tapped using these techniques (also called direct measures) are often referred to 
as explicit cognitions, meaning that these cognitions can be accessed consciously, using 
introspection. In addition, it is stated that explicit cognitions are intentional and under 
individuals’ cognitive control. Examples of explicit cognitions are attitudes, expectancies 
and motives. Expectancies can be related to positive reinforcement (e.g., alcohol produ-
ces something positive), negative reinforcement (e.g., alcohol reduces something nega-
tive) and negative expectancies (e.g., alcohol produces something negative). 
  Previous studies have shown that alcohol-related expectancies or attitudes, 
related to more explicit cognitions, are already formed before adolescents engage in 
alcohol consumption (Cameron, Stritzke, & Durkin, 2003; Dunn & Goldman, 1996; 
Jahoda & Crammond, 1972; Wiers, Sergeant, & Gunning, 2000). For instance, adult alco-
hol use is perceived as normative in social situations (Dalton et al., 2005). In addition, 
adolescents expect mainly negative consequences of alcohol use before the age of 
11 (Casswell, Gilmore, & Brasch, 1988; Dunn & Goldman, 1996; Jahoda & Crammond, 
1972). Subsequently, positive expectancies are increasing over the course of childhood 
and adolescence, replacing negative expectancies according to some scholars (Dunn & 
Goldman, 1996), or existing next to negative ones (Cameron et al., 2003). 
  Studies have shown that positive expectancies predict alcohol use concurrently 
(e.g., Cable & Sacker, 2008) and over time (e.g., between 6 months to 9 years; Gerrard, 
Gibbons, Bethin, & Hessling, 1996; Aas, Leigh, Anderssen, & Jakobsen, 1998). In addi-
tion, positive expectancies predicted alcohol use problems in adulthood (Cable & Sacker, 
2007). While many studies have examined positive expectancies and adolescent alcohol 
use, fewer studies have reported on negative expectancies. Some report that negative 
expectancies are negatively related to alcohol, such that the more negative expectancies 
adolescents have, the less they drink (e.g., Cooper, 1994; Goldman & Roehrich, 1991; 
Kuntsche, Knibbe, Gmel, & Engels, 2005; Petraitis et al., 1995; Thush & Wiers, 2007). 
Other studies have not been able to demonstrate a relation between negative expectan-
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cies and alcohol use (e.g., Fromme, Stroot, & Kaplan, 1993). 
  In general, direct measures are in line with theories of rational decision making, 
which state that humans are aware of the causes of their behavior and do what is good 
for them (e.g., Ajzen, 1991). This has lead scholars to wonder how these measures could 
tap some of the fundamental motivational processes involved in addictive behaviors. For 
instance, it is not uncommon for (adult) problem drinkers to continue their behavior in 
spite of the understanding of the negative outcomes. Therefore, dual process models 
of addiction have stressed a role for implicit or impulsive alcohol-related processes next 
to more reflective or explicit cognitions. Implicit cognitions are defined as relatively less 
conscious processes. Individuals may be aware of their outcome, but are relatively una-
ware of the process underlying them. Implicit cognitions are often measured in labora-
tory settings using so-called indirect measures. 
  Several dual process models agree that (alcohol) addiction is the result of an 
imbalance in interplay between impulsive and reflective processes (Deutsch & Strack, 
2006; Wiers et al., 2007; Wiers, Ames, Hofmann, Krank, & Stacy, 2010). When alcohol 
use is initiated, positive feelings are often evoked from it, encouraging adolescents to 
drink again to achieve these feelings. At the same time, alcohol-related cues can acquire 
incentive salience and associations between alcohol and alcohol-related paraphernalia or 
situations are formed in long-term memory. When alcohol use escalates, ethanol produ-
ces changes in neural circuits that are normally involved in the attribution of salience to 
naturally rewarding stimuli, such as food or sex (Robinson & Berridge, 1993). As a result 
of these neuroadaptations in the mesocorticolimbic dopamine (DA) reward system, the 
system gets biased towards alcohol and alcohol-related (i.e., due to conditioning mecha-
nisms) stimuli. These stimuli now evoke strong impulsive reactions, such as attentional 
bias and approach tendencies. In later stages, when alcohol use gets more and more 
compulsive, cues habitually elicit approach tendencies (Everitt & Robbins, 2005).
  These impulsive processes may incite renewed alcohol use, when individuals are 
not motivated or able to control these processes. According to dual process models, the 
motivation to reflect on alcohol use is often low in adolescence. The ability to control 
behaviour is largely determined by executive functions. Executive functions are defined 
by Miyake and colleagues (2000) as: “control mechanisms that modulate the operation 
of various cognitive sub processes and thereby regulate the dynamics of human cogni-
tion”. The associated dorsolateral prefrontal brain areas undergo significant development 
during adolescence. Scholars suggested that these areas are not fully developed until 
early adulthood, although these assumptions have been challenged by others (see also 
Crone & Dahl, 2012). There is some evidence that alcohol seems to harm these deve-
loping brain areas, both acutely as well as chronically, resulting in a loss of control over 
behaviour (e.g., Fillmore & Vogel-Sprott, 2006). 
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  Taken together, the dual process model predicts that individuals differ in 1) their 
drug-specific impulses, due to previous learning and previous drug use, 2) their reflective 
system, related to long-term goal-directed behaviour and 3) boundary conditions, rela-
ted to dispositional (e.g., working memory capacity (WMC)) and situational (e.g., acute 
pharmacological effects of substance use) factors. Adolescents seem to be even more 
sensitive to the above-mentioned effects of substances. That is, the process of neural 
sensitization is thought to occur faster in adolescents (Brenhouse & Andersen, 2008; 
Brenhouse, Sonntag, & Andersen, 2008) and the developing frontal regions might be 
more prone to substance use induced damage (e.g., Fillmore & Vogel-Sprott, 2006).
  Evidence supporting the dual process model of addiction in adults is accumula-
ting. Studies have shown that implicit cognitions, such as memory associations, attentio-
nal bias and approach bias are related to alcohol use in adults (e.g., Field & Cox, 2008; 
Wiers, Rinck, Dictus, & Van Den Wildenberg, 2009; Wiers, Van Woerden, Smulders & De 
Jong, 2002). Much less is known about how implicit cognitions relate to alcohol use in 
adolescents. Implicit cognitions have been shown to relate to adolescent alcohol use, 
especially in heavy drinking adolescents (e.g., Field, Christiansen, Cole, & Goudie, 2007). 
To our knowledge, only a few studies investigated implicit cognitions and alcohol use in 
those with moderate drinking levels or even before alcohol consumption has become 
common practice. It has been shown that 6-10 year olds had stronger positive implicit 
cognitions compared to negative ones (O’Connor, Fite, Nowlin, & Colder, 2007). Thush 
and Wiers (2007) found that boys associated alcohol more strongly with arousal when 
they had drunk alcohol before compared to when they never did. In addition, arousal 
associations were related to binge drinking one year later. More recently, Van der Vorst 
and colleagues (2013) showed that in 13 year olds who never drank, implicit associati-
ons predicted onset of alcohol use one year later. Using measures of executive control 
(e.g. related to inhibition or working memory (WM)), studies have indicated that impulses 
affect behaviour in adolescents relatively more when executive control is low, while the 
reflective system overrides this system if executive control is high (e.g., Grenard et al., 
2008; Houben, Nederkoorn, Wiers, & Jansen, 2011; Peeters et al., 2012; 2013; Thush et 
al., 2008).  
  Although these findings suggest that impulsive processes may already predict 
alcohol use in young adolescents, a longitudinal test on a large normative sample incor-
porating several indirect measures as well as direct measures and measures of executive 
functions was not performed to this date, to our knowledge. Therefore, a longitudinal 
test of the dual process model in adolescents is presented in chapter 4 of this thesis. In 
addition, chapters 2, 3 and 5 provide more specific tests of the model.
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Genetic Factors Related to  
Adolescent Alcohol Use
It has been suggested that factors concerning drinking patterns in adolescents and adults 
are different. About half of the variance in adult alcohol use is explained by genetic fac-
tors (Kaprio et al., 1987; Prescott et al., 1994). In adolescence, initiation of alcohol use 
is explained mostly by genetic, shared and unshared environmental factors, while the 
development from modest to moderate or problematic drinking patterns are explained 
gradually more by genetic factors, especially in older adolescents (Heath, Meijer, Jardine, 
& Martin, 1991; Hopfer, Crowley, & Hewitt, 2003; Koopsmans & Boomsma, 1996; Maes et 
al., 1999; Rhee et al., 2003; Rose, Dick, Viken, & Kaprio, 2001; Viken, Kaprio, Koskenvuo, 
& Rose, 1999). 
  In an attempt to unravel the specific content of this genetic factor, the μ-opioid 
receptor gene, the DA D2 receptor gene (DRD2), and the DA D4 receptor gene have 
been key candidates. Genetic polymorphisms associated with the mesocorticolimbic DA 
system, such as DA D2 and D4 receptor genes (DRD2 and DRD4), as well as polymor-
phisms associated with the endogenous opioid system, such as the μ-opioid receptor 
gene (OPRM1), are of interest in this thesis. The DA system has been mentioned as one of 
the key brain networks associated with the development of addictive behaviours. Animal 
studies have shown that a single dose of ethanol increases DA in the extracellular com-
partment of the NAc (e.g., Yoshimoto, McBride, Lumeng, & Li, 1992). The way ethanol 
increases extracellular DA is uncertain, but most likely involves an inhibition of GABAergic 
neurons, which in turn disinhibit DA neurons. As a result, DA neurons in the ventral teg-
mental area (VTA) show increased firing activity (DiChiara, Acquas, & Tanda, 1996). Some 
scholars suggest that DA is not involved in the primary motivational properties of ethanol, 
but in the incentive properties of stimuli that have been associated with alcohol use by 
previous use (DiChiara, Acquas, & Tanda, 1996). Therefore, the DA system is thought to 
be related to  impulsive processes such as attentional bias and approach tendencies. The 
endogenous opioid system, and especially the μ-receptor, has been linked to the reinfor-
cing properties of alcohol. In addition, the endogenous opioid system has been found to 
modulate DA activity. Endogenous opioids that bind mu receptors in the VTA incite DA 
release in the NAc (DiChiara, Acquas, & Tanda, 1996). 
  The DRD2 gene encompasses numerous single nucleotide polymorphisms (SNPs), 
but the focus of this thesis is on rs1800497, TaqIA SNP, which is actually in the adjacent 
ANKK1 gene (Dubertret et al., 2004). A meta-analysis has shown that alcoholic patients 
are more often carriers of the A1 (T) allele compared to controls (e.g., Hietala et al. 1994). 
The DRD4 gene contains a variable number of tandem repeats (VNTR) in exon 3, with 2, 
4 and 7 repeats as common variants (Van Tol et al., 1992). These repeats are related to 
functional properties of the D4 receptor: compared to the short alleles, the long allele (≥ 
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7 repeats) is associated with a blunted intracellular response to DA, associated with chro-
nically elevated Cyclic Adenosine Monophosphate (cAMP) and Protein Kinase A (PKA) 
levels (Asghari et al., 1995). Appetitive motivational processes (“wanting”) are increased in 
long allele carriers (Hutchison et al., 2002), although these findings were not always repli-
cated (Van Den Wildenberg, Janssen et al., 2007). The OPRM1 c.118A>G polymorphism 
(rs1799971), located in the + 118 position in exon 1, encodes an A to G substitution which 
alters the constitution and functioning of the μ-opioid receptor, which binds β-endorphin 
three times stronger (Bond et al., 1998). As a result, emotional reactions following alcohol 
use (“liking”) are enhanced (Ray & Hutchison, 2004). Opioid activity has also been shown 
to be linked to appetitive motivational processes (“wanting”), such as cue-induced alcohol 
craving (Van Den Wildenberg, Wiers et al., 2007), approach biases (Wiers et al., 2009) and 
a stronger haemodynamic signal in mesocorticolimbic areas in response to a prime dose 
of alcohol (Filbey et al., 2008). 
  In this thesis, genetic factors are included to test whether elements of the dual 
process model are related differently to one another for individuals with varying genetic 
predispositions. For instance, it is tested (chapter 5) whether the relation between atten-
tional bias and alcohol use differs between genotypes, based on the idea that certain 
genotypes are more vulnerable. We also explored whether the relation between alco-
hol-specific parental rule-setting and alcohol use differs between polymorphisms of the 
DRD2 and OPRM1 gene (chapter 6). 
Sleep
Sleep patterns change considerably throughout development (e.g., Carskadon, 2011). 
The most prominent changes that take place in the transition to adolescence are a) a 
delayed phase preference, meaning that adolescents gradually prefer later bedtimes and 
rise times, b) a decrease in the total time that is spent asleep at night, while sleep need 
is unchanged and c) a discrepancy in the timing and duration of sleep on weekdays and 
weekends. 
  Factors that influence these changes in both timing and duration of sleep are sug-
gested to be both intrinsic, related to puberty, and extrinsic, related to school, parents, 
technology and the use of substances before bedtime. Puberty has been recognized as 
a key developmental factor associated with changes in sleep patterns. For instance, it has 
been found that adolescents more advanced in pubertal maturation prefer later bedtimes 
compared to their counterparts who are less advanced in puberty (Carskadon, Vieira, & 
Acebo, 1993). It is important to emphasize that it is most likely that an interaction between 
biological transitions happening during puberty and more social factors (our contemporary 
society) will contribute to changes in sleep in adolescence (e.g., Carskadon, 2011).
  Sleep problems in adolescents are common and persistent: 11-47% of adoles-
18
cents reported problems initiating and maintaining sleep (Liu & Zhou, 2002; Russo, Bruni, 
Lucidi, Ferri, & Violani, 2007). Also, 20-25% of adolescents stated excessive daytime slee-
piness (Pagel, Forister, & Kwiatkowki, 2007). Sleep disorders, such as Delayed Sleep Phase 
Syndrome (DSPS) and insomnia often have their onset during early adolescence (e.g., 
Johnson, Roth, Schultz, & Breslau, 2006; Thorpy, Korman, Spielman, & Glovinsky, 1988). 
DSPS is characterized by abnormal, delayed, bed- and rise times. The prevalence rate 
of this disorder lies between 7-16% in adolescence (e.g., Pelayo, Thorpy, & Glovinsky, 
1998). Insomnia occurs in 4-10.7% of the adolescent population, and 25% of adolescents 
experience symptoms of insomnia, such as difficulties falling and staying asleep and non-
restorative sleep (Johnson et al., 2006; Ohayon, Roberts, Zulley, Smirne, & Priest, 2000). 
  Previous cross-sectional and a number of longitudinal studies have indicated a 
relation between inadequate sleep and substance use in adolescence. Most of the lon-
gitudinal research only tested sleep problems in childhood as a precursor of substance 
use, excluding the possibility that substance use is also predictive of sleep problems. In 
addition, the definition and measurement of inadequate sleep or sleep problems differed 
among studies.
  Several studies examining the relation between sleep problems in childhood and 
adolescence and substance use used the Child Behavior Checklist (CBCL; Achenbach 
& Edelbrock, 1980) to assess parent reports of sleep disturbance in their children and 
adolescents in the past half year. In a mixed sample of children with learning problems 
and controls, the authors reported to have taken four items of the CBCL (trouble falling 
asleep, staying asleep, feeling tired in the morning, sleepiness during the day). Findings 
showed that sleep difficulties (as a mean of the CBCL) predicted the adolescent’s use of 
tobacco, alcohol, methamphetamine, cannabis and ecstasy, even when adjusted for lea-
rning difficulties (Fakier & Wild, 2011). In another study, the single item ‘trouble sleeping’ 
from the Youth Self Report (YSR; Achenbach, 1991) was used to tap sleep problems. Sleep 
problems were reported by 5.7% of adolescents and were related to tobacco smoking, 
alcohol and other substances (Johnson & Breslau, 2001). 
  A large study examining the relation between symptoms of insomnia and sub-
stance use prospectively found only a cross-sectional positive association (Roane & 
Taylor, 2008). Yet, a longitudinal study using both the CBCL overtiredness and sleep trou-
ble items found that sleep problems at ages 3-8 predicted onset of alcohol, cigarette 
and cannabis use in boys and onset of alcohol use in girls (Wong, Brower, Fitzgerald, & 
Zucker, 2004; Wong, Brower, Nigg, & Zucker, 2010; Wong, Brower, & Zucker, 2009). 
  In chapters 7 and 8, we present concurrent and longitudinal examinations of the 
relation between puberty, sleep, substance use, internalizing and externalizing problems.
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Alcohol-Specific Parental Rule-Setting
Children’s first experience with alcohol use takes place mostly in a familial context. That 
is, without drinking themselves, children observe their family or parents drink alcohol at 
home, at parties or other events. Parental alcohol use is associated with initial alcohol 
use of their children and alcohol misuse later in life (Casswell, Pledger, & Pratap, 2002; 
Ellickson, Tucker, Klein, & McGuigan, 2001; Pedersen & Skondal, 1998; White, Johnson, & 
Buyske, 2000). The role of parents fits with the dual process model articulating impact of 
external motivations, next to internal ones like motives to drink or outcome expectancies 
(Wiers et al., 2007).
  That parents are important agents in adolescents’ development of alcohol use 
also shows in the power of parents to delay drinking in their children. Parents that pro-
vide children with strict alcohol-specific rules see their children drink not only at a later 
age but also more have lower drinking levels later in adolescence, compared to those 
that do not provide such strict rules (e.g., Jackson, Henrikson, & Dickinson, 1999; Mares, 
Lichtwarck-Aschoff, Burk, Van der Vorst, & Engels, 2012; Van der Vorst, Engels, Dekovic, 
Meeus, & Vermulst, 2007; Van der Vorst, Engels, Meeus, & Dekovic, 2006; Van der Vorst, 
Engels, Meeus, Dekovic, & Van Leeuwe, 2005; Yu, 2003). 
  In this thesis, it is tested whether alcohol-specific parenting could also serve as 
a protective factor against impulsive processes in adolescents. That is, in chapter 3 we 
tested whether alcohol-specific parenting and WMC moderated the association between 
approach tendencies and alcohol use, longitudinally. Also, it is tested whether alcohol-
specific parenting moderated the effects of the OPRM1 and DRD2 gene on alcohol use 
(chapter 6). 
Main Goals of the Seven Chapters  
of this Thesis
In chapter 2, we examined cognitive factors related to alcohol use in two cross-sectional 
pilot studies of 10-year old children and 11-12 year old children. Previous studies showed 
that implicit and explicit jointly predict alcohol use in adults and adolescents. Whereas 
previous research indicated that explicit cognitions predicted alcohol use in children, not 
much is known about the joint effect of implicit and explicit alcohol cognitions on initial 
alcohol use.
  In chapter 3, we investigated the interaction between approach tendencies and 
WMC and alcohol-specific parental rule-setting on alcohol use in young adolescents. 
It was assumed that approach tendencies would be associated with alcohol use more 
strongly when WMC was low and when parents did not set strict rules regarding alcohol.
  In chapter 4, several paths of the dual process model were tested. First, we exa-
mined whether implicit processes (approach tendencies, attentional bias and alcohol 
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related memory associations), explicit processes (expectancies) and WMC predicted 
alcohol use. Second, we examined the interactions between implicit/explicit processes 
and WMC on alcohol use. 
  In chapter 5, the interaction between attentional bias and genetic polymorphisms 
in the OPRM1 and DRD4 genes on alcohol use is examined in two samples. The first sam-
ple consisted of young adolescents, who had little experience with alcohol. The other 
sample consisted of young adults who drank heavily. To our knowledge, this was the first 
study to explore the interaction between attentional bias and genetic polymorphisms on 
alcohol use.
   In chapter 6, the moderating effect of genetic polymorphisms in the OPRM1 
and DRD2 genes on the association between alcohol-specific parental rule-setting and 
alcohol use in young adolescents was examined. Due to differences in neural reactions 
to alcohol, a stronger relation between alcohol-specific parental rule-setting and alcohol 
was assumed in the OPRM1 and DRD2 risk allele samples.
  In chapter 7, we examined concurrent relations between pubertal status, sleep 
problems and alcohol use. To our knowledge, this study was the first to explore relations 
between sleep problems and alcohol use, while taking puberty into account. 
  In chapter 8, the relation between sleep problems and substance use was studied. 
Compared to the study described in chapter 7, we now studied these links prospectively. 
In addition, we investigated the relation between sleep, cigarette smoking, marijuana use, 
internalizing and externalizing problems. 
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Chapter 2
Implicit and Explicit 
Cognitions Related 
to Alcohol Use in 
Children
Published as:
Pieters, S., Van der Vorst, H., Engels, R. C. M. E., & Wiers, R. W. (2010). Implicit and  
explicit cognitions related to alcohol use in children. Addictive Behaviors, 35, 471-478.
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Abstract
Research has indicated that implicit and explicit alcohol-related cognitions jointly pre-
dict alcohol use in adolescents and adults. Only few studies assessed these cognitions 
in children. Associations between alcohol cognitions and alcohol use were tested in 
two studies with 10 year olds (Study 1; N = 99) and 11-12 year olds (Study 2; N = 35). 
Furthermore, the role of parental alcohol use was examined. Implicit alcohol cogniti-
ons were assessed in an Implicit Association Test (IAT) using pictures of alcohol and soft 
drinks as target stimuli and happy versus angry faces as attribute stimuli (children’s faces 
in Study 1, adults’ faces in Study 2). Explicit expectancies and parental alcohol use were 
assessed with questionnaires. Children demonstrated a relatively stronger association 
between alcohol and negative facial expressions, and in Study 2, this association was 
negatively related to alcohol use. In Study 2, paternal drinking was related to implicit 
negative associations and explicit arousal associations. These studies show that young 
children have both implicit and explicit alcohol-related cognitions and both appear to 
play a role in explaining emerging alcohol use of elementary schoolchildren.
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Introduction
In the attempt to uncover motivational processes involved in the initiation and escalation 
of alcohol use in adolescents, scholars have made a distinction between explicit and 
implicit alcohol-related cognitions (Wiers et al., 2007). Explicit cognitions refer to cogniti-
ons that are intentional, can be accessed consciously, and are under a person’s cognitive 
control (Wiers et al., 2007). The general assumption that lies beneath these measures is 
that people are aware of the causes of their own behavior, as is proposed in theories of 
rational decision making (e.g., Ajzen, 1991). Regarding explicit alcohol-related cognitions, 
people are directly asked about their attitudes towards, expectancies from and motives 
to drink alcohol. Thus, people have to introspect consciously on their thoughts, feelings 
and behavior concerning alcohol use. In contrast, implicit cognitions reflect associations 
in memory that influence cognitive and affective processes and behavior in a relatively 
automatic way (De Houwer, 2006; Greenwald & Banaji, 1995). The strength of activation 
of these automatically activated implicit associations determines the likelihood that a cer-
tain behavioral pattern will be activated and rendered salient in memory (Stacy, Ames, 
Sussman, & Dent, 1996). In the context of alcohol, the general assumption is that the 
stronger alcohol is associated with positive affect or with a positive outcome, the greater 
the likelihood adolescents will drink alcohol.
  This distinction between explicit and implicit cognitions is in line with dual process 
models, suggesting that addictive behaviors develop as a result of an imbalance between 
automatic, implicit or impulsive cognitive processes and conscious, explicit or reflec-
tive processes. Whereas the former become hypersensitive with repeated alcohol use, 
leading to automatic approach tendencies, the latter are negatively affected by alcohol 
consumption, ultimately resulting in decreased control over the addictive behavior (e.g., 
Bechara, Noel, & Crone, 2006; Deutsch & Strack, 2006; Wiers et al., 2007).
  In the Netherlands, 85% of Dutch adolescents attending regular high schools have 
drunk alcohol at least once in their life. While most adolescents drink their first alcoho-
lic beverage around age 12, 19% of boys and 10% of girls reported being younger than 
10 when they first drank alcohol (National Monitor of Drugs, 2007). Statistics like these 
underline the need to investigate alcohol-related cognitive processes in children and 
early adolescents in the first stages of alcohol use, maybe even before adolescents expe-
riment with alcohol for the first time. Hence, there is compelling evidence that alcohol-
related cognitions might already be formed before the onset of drinking. That is, studies 
on explicit alcohol-related cognitions in young children have shown that children already 
acquire knowledge and expectancies about alcohol even before they actually engage in 
alcohol consumption (Cameron, Stritzke, & Durkin, 2003; Wiers, Sergeant, & Gunning, 
2000; Dunn & Goldman, 1996; Jahoda & Crammond, 1972). Primary schoolchildren 
already view adult alcohol use as normative in social situations (Dalton et al., 2005) and 
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are already able to describe effects of alcohol, mostly negative effects like feeling sick 
(Casswell, Gilmore, Silva, & Brasch, 1988). Up to the age of ten years, children predo-
minantly have negative attitudes towards and expectancies from alcohol use (Dunn & 
Goldman, 1996; Jahoda & Crammond, 1972). Subsequently, a shift in expectancies is 
observed, in which positive expectancies gain strength as opposed to negative ones. 
This transition is thought to be either bipolar, where positive expectancies replace nega-
tive ones (Dunn & Goldman, 1996, 1998), or to reflect ambivalence: both negative and 
positive expectancies exist side by side, possibly with positive expectancies becoming 
stronger in contrast to negative ones (Cameron et al., 2003).
  Studies have shown that both explicit and implicit cognitions are associated with 
alcohol consumption in adolescents (Stacy, Ames, Sussman, & Dent, 1996; Thush et al., 
2007; Thush & Wiers, 2007), undergraduates (Houben & Wiers, 2007) and adults (Stacy & 
Newcomb, 1998; meta-analysis: Rooke, Hine, & Thorsteinsson, 2008), each explaining a 
unique part of the variance in alcohol use. Therefore, it has been suggested that they are 
likely to reflect different processes (Strack & Deutsch, 2004; Thush et al., 2007; Stanley, 
Phelps, & Banaji, 2008). These findings highlight the surplus value of including both expli-
cit and implicit cognitions in studies related to alcohol use in children. Besides, it is valu-
able to assess implicit associations in children, because children are often not able to 
introspect on their behavior, which is a requisite of direct measures.
  Although several studies have investigated implicit alcohol-related cognitions in 
(late) adolescence or adulthood, to our knowledge, only three studies have assessed 
implicit cognitions in younger age groups. O’Connor, Fite, Nowlin, and Colder (2007) 
showed that 6-10 year olds had stronger implicit positive cognitions than negative cog-
nitions towards alcohol. When negative targets were primed with alcohol as compared 
to non-alcohol primes, the reaction times were slower. They concluded that in children, 
negative implicit associations are weaker than positive ones. Thush and Wiers (2007), 
comparing twelve and fifteen year olds attending high school, examined whether implicit 
alcohol associations were related to alcohol use. Among the twelve year olds, they found 
that male drinkers associated alcohol more strongly with arousal than male abstainers, 
and these associations uniquely predicted binge drinking one year later, controlling for 
all variables in the model. Finally, a recent study by Van der Vorst, Krank, Engels and Burk 
(submitted for publication) showed that in 13 year old abstaining Canadian adolescents, 
implicit associations predicted onset of alcohol use one year later. Overall, there is preli-
minary data revealing that children have implicit associations about alcohol, but it is still 
unclear whether and how implicit alcohol associations relate to young children’s expe-
riences with alcohol, such as sipping or drinking their first glass.
  Ample factors have been proposed to affect the development of explicit alcohol-
related cognitions in children. As one of the most important sources of information about 
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alcohol, besides media, children report their family (Casswell, Gilmore, Silva, & Brasch, 
1988; Donovan & Molina, 2008; Fossey, 1993). Parents provide a great source of infor-
mation regarding children’s knowledge about alcohol: 90% of children reported that they 
had been exposed to alcohol in their homes: either by the availability of alcohol or by 
watching their parents drinking alcohol (Dalton et al., 2005; Jahoda & Crammond, 1972). 
Children might acquire positive alcohol-related associations by watching their parents 
enjoying their alcoholic drinks (Dalton et al., 2005). So far, research has not concentrated 
extensively on the impact of parental drinking on implicit and explicit alcohol cognitions. 
To our knowledge, only one study showed that parental drinking predicted the level of 
implicit alcohol cognitions, measured in a word association task, in early adolescents 
who had not been drinking alcohol yet. In this study, parental drinking predicted stronger 
implicit alcohol cognitions, measured in a Word Association Test, in early adolescents 
who had not been drinking alcohol yet (Van der Vorst et al., submitted for publication). 
  The aim of the present study is to investigate implicit memory associations and 
explicit cognitions related to alcohol use in elementary school children aged 10 (Study 1) 
and 11 - 12 (Study 2). This period in childhood can been regarded as a critical period when 
most Dutch children are first acquainted with alcohol (National Monitor of Drugs, 2007), 
either by drinking themselves, or by observing parents or peers drinking alcohol. 
  In both studies, alcohol-related memory associations were measured with an 
Implicit Association Task (IAT; Greenwald, McGhee, & Schwartz, 1998). We used pictures 
of drinks (alcoholic or soda drinks) and faces (of people with a happy or angry expression) 
as stimuli in the current IAT, since pictorial stimuli do not require children to read during 
the critical phases of the task. This makes the current IAT easy to administer in children. 
In the first study, we used pictures of happy and angry children; in the second study, we 
used pictures of adults’ faces, since we then assumed that children might associate alco-
hol more strongly with adult as opposed to children’s faces. 
  It is hypothesized that children’s alcohol use as well as their parents’ alcohol use 
are related to implicit and explicit alcohol-related cognitions. Based on previous studies, it 
is expected that the more positive explicit expectancies children have, the more alcohol 
they drink. On the other hand, it is hypothesized that negative explicit expectancies will 
be negatively related to children’s alcohol use. Regarding implicit alcohol-related cog-
nitions, no clear hypotheses can be formulated because of the scarcity of research in 
childhood. To our knowledge, this is also the first study assessing the relation between 
parental drinking and explicit and implicit cognitions. Therefore no hypotheses will be 
formulated regarding these relations as well.
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Method
Participants
In the first study, 51 of the children who filled in the questionnaire were boys (55%). The 
mean age of the children was 10.17 years (SD
age
 = .45; age range 9-12). Of all children, 
98% was born in the Netherlands. The majority of the children lived at home with his or 
her biological father and mother (82.6%), 4.1% lived only with their biological father, 3.1% 
lived only with their biological mother, 7.1% lived with their mother and stepfather, 2.0% 
lived with their father and stepmother and 1.0% lived with someone not previously men-
tioned. None of the children were adopted.
  In study 2, a total of 35 elementary schoolchildren (23 boys) participated (M
age
 = 
11.36; SD
age
 = .54; age range 11-13). A total of 88.6% of the children was of Dutch origin, 
the remaining 11.4% came from Iraq, Curacao, Kurdistan and Turkey. This sample consi-
sted of children from both rural and urban areas.
Measures
•  Children’s alcohol use. In study 1, We asked the children whether they ever drank 
beer or wine. The answer category of this item was: (1) “No, never”, (2) “Yes, one 
sip”, (3) “Yes, several sips”, (4) “Yes, one glass”, (5) “Yes, several glasses”. In study 2, the 
question was basically the same, except that we used a version with less simplified 
linguistic usage. We asked children whether they ever drank alcohol. Children had to 
respond on a 5-point scale: (1) “no, never ”;(2) “ yes, have I tried a sip once”; (3) “yes, I 
have tried a sip more than once”; (4) “yes, I have tried a glass or more once”; (5) “yes, I 
have tried a glass or more on multiple occasions”. In both studies, children were con-
sidered to be inexperienced with alcohol if they reported no never and experienced if 
they had tried alcohol at least a sip once. This decision was based on a recent study 
by Donovan and Molina (2008) which states that sipping reflects children’s first real 
involvement in alcohol use, which often arises in a family context.
•  Children’s implicit alcohol cognitions. For both studies, we adjusted the Implicit 
Association Test (IAT; Greenwald et al., 1998) into a child-friendly version for alcohol. 
Instead of using words, we chose visual stimuli for both targets and attributes, so 
children who were less capable of reading and writing could also complete the IAT. 
We translated the words used by Baron and Banaji (2006), for example happy and 
angry, in Dutch. We made pictures of child faces corresponding to the translated 
words of Baron and Banaji. In a next step, we asked 15 children in the age of 6-12 
years old to pick those pictures that corresponded to the words. These pictures were 
used as stimuli in the IAT (8 pictures of happy faces representing positive emotional 
affect and 8 pictures of angry faces representing negative emotional affect along with 
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pictures of a diversity of alcoholic and soft drinks (also 8 of each)). In study 2, the test 
was the same, except that we used pictures of adults’ faces. Pictures of alcoholic 
beverages were the same. 
  To test whether children would actually be able to discriminate pictures of alcoho-
lic and non-alcoholic beverages, we used an adjusted Visual Search Task for children 
(e.g., Schneider & Shiffrin, 1977). It appeared that when children were asked to choose 
the picture with an alcoholic beverage out of a display (Total of 5 displays) with non-
alcoholic beverages (3 pictures), 89% of the times, children picked the right beverage. 
When asked to pick the soda picture from a display (Total of 5 displays) of alcoholic 
beverages (3 pictures), 87% of the times, children picked the right beverage. In each 
display, the colors and sizes of bottles and cans in the pictures of the soda and alco-
hol beverages were as similar as possible. These percentages indicate that children 
were able to differentiate pictures of beer and wine from pictures of soda.
  In the first block of the IAT, the attribute practice block, pictures of happy and angry 
faces would appear one by one in the middle of a computer screen. Participants had 
to categorize pictures with two buttons, corresponding to happy versus angry faces. 
In the next block, the instructions remained the same, however, the pictures that 
were shown changed to beer/wine or soda pictures and the category labels were 
modified accordingly. In the first critical block, both pictures of faces as well as drinks 
were presented alternately and each member of the attribute labels shared a respon-
se button with a member of the target labels (e.g., beer/wine was paired with happy 
and soda with angry). In the next critical block (which was preceded by yet another 
practice block), the configuration of labels was changed (e.g., beer/wine was paired 
with angry and soda with happy). The task however, remained the same. The general 
idea behind the IAT is that whenever certain concepts (e.g., beer/wine and happy) are 
associated more strongly in memory than other concepts (e.g., beer/wine and angry), 
people will respond much faster on a reaction time task when these concepts share 
a response button. The IAT effect represents the mean difference in reaction time 
between compatible (e.g., beer/wine and happy) and incompatible (e.g., beer/wine 
and angry) trials. Therefore, positive scores represent a relatively strong association 
between alcohol and happy faces (compared with soda - angry faces), whereas nega-
tive scores represent a relatively strong association between alcohol and angry faces 
(compared with soda - happy faces). The IAT used in this study was programmed in 
Inquisit 2.0 (Millisecond Software). Category labels were presented in the upper left 
and upper right side of the screen. Stimuli, colored photographs of faces and drinks, 
were presented in the middle of the screen. All practice blocks consisted of 20 trials 
except for the block in which participants had to learn the new, switched position of 
the target (40 trials). All test blocks consisted of 40 trials. The interstimulus interval was 
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250 ms. We used the D2SD penalty measure as IAT score, since this measure is often 
used in studies with adolescents (e.g., Thush et al., 2007) and is recommended by 
Greenwald, Nosek, & Banaji (2003).
•  Alcohol expectancies. In study 1, we used the positive and negative subscales from 
the adjusted Dutch translation of the Alcohol Expectancies Scale for Children (Dunn 
& Goldman, 1996) to measure alcohol expectancies. Children were asked about 
their opinion about the effects of alcohol on adults, e.g.: “Do adults become friendly 
when they drink alcohol?” Responses were given on a 4-point scale: (1) “Never”, (2) 
“Sometimes”, (3) “Often”, (4) “Always”. Factor analysis revealed two subscales, which 
we interpreted as positive (7 items: e.g., friendly or nice) and negative expectancies 
(7 items: e.g., mean or brutal). Factor loadings ranged between .54 and .71 for the 
negative expectancies subscale and between .47 and .64 for the positive expectancies 
subscale. In our study, internal consistencies of both subscales were sufficient (α
positive
 
= .60, α
negative
 = .85).
  In study 2, sedation and arousal expectancies of alcohol use were assessed in a 
13 item questionnaire (Wiers, Van Woerden, Smulders, & De Jong, 2002). Every item 
started with the phrase: “Drinking alcohol makes me…..” followed by an evaluation 
(e.g.,  active for arousal items or sleepy for sedation items). Participants indicated on 
a 10 point scale the degree to which they agreed with the statement (10 represented 
maximal agreement). Three items from the questionnaire (easy, relaxed and calm) 
were omitted after factor analysis because they did not theoretically belong (seda-
tion) to the factor they loaded on (arousal). The remaining two factors represented 
arousal and sedation expectancies. Factor loadings varied from 0.66 to 0.89. Both the 
arousal and sedation expectancy scale had a sufficient internal consistency α
arousal
 = 
.93, α
sedation
 = .69. In both studies, the mean scores on both subscales were used for 
further analyses.
•  Parental alcohol use. In study 1, we asked the children about their perceived alcohol 
use of their fathers and mothers separately with the question “Did your father/mother 
drink beer or wine last week?” (Van der Vorst & Engels, 2008). Answer categories 
were: (1) “No”, (2) “Once”, (3) “A couple of times”, (4) “Every day.” This questionnaire 
was based on the often used “Perceived frequency of parental alcohol use question” 
(e.g., Engels, Knibbe & Drop, 1999; Van der Vorst, Vermulst, Meeus, Dekovi, & Engels, 
2009; Van Zundert, Van der Vorst, Vermulst & Engels, 2006).which is valid and sui-
ted for adolescents. The only modification in the current adaptation was that answer 
categories were simplified to ensure children would comprehend them. 
  In study 2, parental alcohol use was assessed by asking children about the fre-
quency of their fathers’ and mothers’ alcohol consumption over the last four weeks 
separately (Engels & Knibbe, 2000). Answers could be given on a 7-point scale: (1) “My 
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father/mother and I are not in touch”; (2) “no alcohol”; (3) “1 to 3 days in four weeks”; 
(4) “1 to 2 days a week”; (5) “3 to 4 days a week”; (6) “5 to 6 days a week”; (7) “every 
day”. The option “my father/mother and I are not in touch” was recoded into “no alco-
hol“. 
Procedure
For the first study, we approached seven elementary schools in the Netherlands by mail. 
In the letter, we informed the school about the study and asked for the schools’ partici-
pation. One week later, we contacted the schools by phone asking again for their parti-
cipation. Four schools agreed to collect data among children attending grade seven (10 
years old). Before the study started, we asked for informed consent of the parents of the 
children. In the letter we explained the aim of the study and guaranteed that the data of 
the children would be treated confidentially. 99 parents of children of grade 7 of elemen-
tary school (4 schools) were asked for permission for their child’s participation. A total 
of 93 parents agreed upon participation by returning the enclosed response form (94%). 
These 93 children filled in the questionnaire and completed the IAT. However, the data of 
the implicit measure were excluded for 2 children. For the one child, data were excluded 
because of an error in the computer program, for the other child, data were excluded 
because reaction times on the majority of the trials exceeded 3000 ms. Eventually, we 
used data from the 91 children who completed both the questionnaire and the IAT. The 
teachers of the participating classes were informed about the study and the procedure. 
A subject number was assigned to each child to guarantee anonymity. In the first session 
of the study, children completed a questionnaire in the classroom under guidance of a 
trained research assistant. Children were not allowed to discuss the questions or answers 
with each other or with their teacher. Children’s questions about the questionnaire were 
answered individually by the trained research assistant. One week after completion of the 
questionnaires at all the schools, children started with the computer tasks on a laptop. 
The computer tasks were completed individually in groups of 2 to 3 children under gui-
dance of a trained research assistant in a separate room at the school. After completing 
the computer tasks, the children received a little token for their participation. 
  For the second study, we used the same procedure, except that only 2 schools 
were asked to participate in this study. Both schools agreed upon participation of their 
8th graders. Because children were slightly older, we decided to let children complete 
the computer tasks in groups of 5 children. Furthermore, the order of assessments was 
reversed: in Study 2, children completed the computer tasks before filling out the ques-
tionnaire. The interval between completion of the computer tasks and the questionnaire 
was identical in both studies. 
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Results
Study 1
Participant Characteristics 
A frequency analysis was performed on the data of the alcohol variable: 25.8% of the 
children in Study 1 had never drunk alcohol in their lives, 31.5% had tried a sip, 29.2% 
tried multiple sips, 9% tried one glass of alcohol and 4.5% tried multiple glasses of alco-
hol. Figures resemble those of the general Dutch population (Monshouwer et al., 2007). 
Alcohol use by the child was dichotomized to differentiate between children that had 
never drunk any alcohol in their lives and those that had tried at least a sip once, or more. 
This decision was based on a recent study by Donovan and Molina (2008) which states 
that sipping reflects children’s first real involvement in alcohol use, which often arises in 
a family context. In Study 1, 23 children in the sample were considered non-drinkers, 66 
children were considered drinkers. Further, several ANOVAs were performed to investi-
gate differences between both groups. Drinkers and non-drinkers did not differ in their 
implicit associations (t (87) = .19, p > .05) in Study 1. Means showed that both drinkers and 
non-drinkers associated alcohol more strongly with angry faces than with happy faces, 
since both D2SD scores were negative. With regard to positive expectancies, drinkers 
anticipated more positive effects of alcohol use (M = 2.01, SD = .6) than non-drinkers in 
Study 1 (M = 1.65, SD = .43; t (86) = -2.65, p < .01). Drinkers and non-drinkers did not dif-
fer in the degree to which they expected negative consequences of alcohol use (t (87) = 
-1.07, p > .05). 
Correlations
In order to examine associations between all variables, Pearson’s correlation coefficients 
were calculated for each pair of variables. Correlations between all variables are shown in 
Table 1 for Study 1. In Study 1, alcohol use was positively associated with positive expec-
tancies, suggesting that the more children drank the more positive effects they expected 
from drinking alcohol. Alcohol use by the father was positively associated with alcohol 
use by the mother. Other correlations were not significant. 
Hierarchical Logistic Regression Analysis
In order to investigate the associations between alcohol-related cognitions and alcohol 
use in more detail, a hierarchic regression analysis was performed. Although the direction 
of the association between alcohol use and alcohol-related cognitions is unknown and 
we do not aim to imply a direction, alcohol-related cognitions were treated as indepen-
dent variables, and alcohol use was treated as the dependent variable. 
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  Alcohol use was dichotomized and used as a dependent variable in a hierarchical 
logistic regression analysis (See Table 2). In step 1 of a hierarchical logistic regression 
analysis predicting alcohol use by children, gender and age were entered into the equa-
tion. In step 2, positive and negative expectancies and implicit associations were added. 
The regression analysis of Study 1 revealed the following: results from the first step of 
the hierarchical logistic regression showed no effects for sex and age. The second step 
showed an effect for positive expectancies (OR = 5.20, p < .05): the more explicit positive 
expectancies the child had, the more likely he or she drank alcohol. 
Multiple Regression Analysis
Alcohol use by father and mother were included as predictors in three additional multiple 
regression analyses with implicit associations and positive and negative explicit expectan-
cies as dependent variables (See Table 3). After correcting for sex and age, results showed 
that neither paternal drinking nor maternal drinking significantly predicted implicit associ-
ations, explicit positive expectancies or explicit negative expectancies in Study 1. 
Study 2
Participant Characteristics
In Study 2, 41% of children never drank alcohol, 23.1% had tried a sip and 35.9% of child-
ren had tried multiple sips of alcohol. In Study 2, a total of 15 children in the sample were 
considered non-drinkers, 20 children were considered to have experiences with alcohol 
(drinkers). Regarding implicit alcohol-related associations in Study 2, drinkers associated 
alcohol more strongly with angry faces (M = -.81, SD = .81) than non-drinkers (M = -.32, 
SD = .5; t (33) = 2.45, p < .05). However, both groups associated alcohol more strongly 
with angry faces than with happy faces, since both D2SD scores were negative. In Study 
2, with regard to arousal expectancies, drinkers expected to be more aroused as a con-
sequence of alcohol use (M = 2.80, SD = 1.77) than non-drinkers (M = 1.25, SD = .69; 
t (35) = -3.28, p < .01). Drinkers and non-drinkers did not differ in the degree to which they 
expected to be sedated as a result of alcohol (t (35) = -1.42, p > .05). Non-drinkers expec-
ted more sedation than arousal effects of alcohol (M
arousal
 = 1.26, SD
arousal
 = .69, M
sedation
 = 
2.04, SD
sedation
 = 1.44; t (15) = -2.17, p < .05). For drinkers, no difference between arousal 
and sedation expectancies was found (t (20) = .19, p > .10).
Correlations
Correlations between all variables are shown in Table 4 for Study 2. In Study 2, alcohol 
use was positively associated with paternal alcohol use, suggesting that the more fathers 
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drink, the more the child drinks. Alcohol use also was positively correlated with arousal expec-
tancies. Alcohol use was negatively associated with implicit associations, suggesting that the 
more children drank, the stronger alcohol was associated with angry adult faces as opposed 
to happy adult faces. Paternal alcohol use was positively associated with arousal expectan-
cies and negatively with implicit associations. This last finding indicates that the more fathers 
drink, the more children associated alcohol with angry faces than with happy faces.
Hierarchical Logistic Regression Analysis
Alcohol use was dichotomized and used as a dependent variable in a hierarchical logistic 
regression analysis (See Table 5 for Study 2). In step 1 of a hierarchical logistic regression 
analysis predicting alcohol use by children, gender and age were entered into the equa-
tion. In step 2, arousal and sedation expectancies and implicit associations were added. 
Results from the first step of the hierarchical logistic regression of Study 2 showed no 
associations between sex and age and alcohol use (see Table 5). The second step sho-
wed a relationship between alcohol use and implicit associations (OR = .094, p < 0.05): 
the stronger alcohol was associated with angry adult faces as opposed to happy adult 
faces, the more likely the child was drinking alcohol. The second step also showed an 
association with arousal expectancies (OR = 3.106, p < 0.05): the more explicit arousal 
expectancies the child had, the more likely he or she drank alcohol.
Multiple Regression Analysis
Alcohol use by father and mother were included as predictors in three additional mul-
tiple regression analyses with implicit associations and arousal and sedation explicit 
expectancies as dependent variables (See Table 6). In Study 2, after correcting for sex 
and age, results showed that paternal drinking significantly predicted implicit associations 
(β = -.373, p < 0.05). The more children observe their father drinking alcohol, the more 
alcohol is associated with angry adult faces as opposed to happy adult faces. Furthermore, 
paternal drinking predicted explicit arousal expectancies (β = .45, p < .01): the more 
fathers drank, the more their children expected arousal effects from drinking alcohol.
Discussion
Regarding the main question whether explicit and implicit alcohol-related cognitions 
would predict alcohol use of children, results from Study 1 showed that explicit positive 
expectancies were significantly associated with alcohol use. Explicit negative expectan-
cies did not explain any of the variance in alcohol use. The latter finding is in contrast 
with results found by Thush and Wiers (2007), who showed that explicit negative expec-
tancies negatively predicted binge drinking in adolescents. However, our results could 
be explained by the notion that positive expectancies have a stronger effect on alcohol 
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use than negative expectancies since alcohol use is influenced more strongly by imme-
diate (more positive) effects than by delayed (more negative) effects (Jones, Corbin, & 
Fromme, 2001; ‘Rohsenow, 1983)’. Another explanation could be that only positive expec-
tancies are associated with behavior since children primarily observe positive effects of 
alcohol use (Dalton, 2005). That is, children observe, for example, their parents’ (prima-
rily moderate) drinking behaviors in social situations such as family gatherings or parties 
(Verdurmen, Smit, Van Dorsselaer, Monshouwer, & Schulten, 2008). Further, brain regions 
associated with control over behavior such as alcohol use are not fully developed yet in 
childhood and adolescence (Spear, 2002). Therefore, children have too little resources 
to consciously inhibit alcohol use. This might explain why negative expectancies are not 
correlated with actual alcohol consumption by children. Children have negative expec-
tancies of alcohol use, but in order to become associated with behavior, there have to be 
enough resources such as a properly developed frontal cortex, as well as motivation to 
inhibit alcohol use, to do so (Wiers et al., 2007). 
  Implicit alcohol-related cognitions were not associated to alcohol use of children 
in Study 1. This is remarkable, since the study by Thush and Wiers (2007) did find an asso-
ciation between implicit associations and alcohol use in adolescents. However, Thush 
and Wiers used a ST-IAT with verbal stimuli. Where Thush and Wiers used words depicting 
alcoholic beverages and positive, negative, arousal and sedation effects, pictures were 
used in our study. A relatively new aspect, in the field of alcohol research, is the use of 
pictures displaying faces with a happy or angry expression. That we did not find any rela-
tion between the IAT scores and alcohol use in this group of children could be due to the 
fact that we used faces of children as stimuli. It could however be that children have no 
clear association between children and alcohol use, since they predominantly observe 
adults drinking alcohol. The results of Study 2 support this assumption.
  In Study 2 we did find an association between implicit cognition and alcohol use 
by children. Involvement in alcohol use was associated with a stronger association bet-
ween alcohol and angry faces as opposed to alcohol and happy faces. Since this is the 
first study using pictures of faces as stimuli in an IAT, we hypothesize that this outcome 
might reflect a social norm towards alcohol use. Children who drink alcohol already at 
a young age might have some personal experience with negative reactions (i.e., angry 
faces) of parents or other adults (e.g., family members, teachers) as a result of their alco-
hol use. These experiences are apparently stored as associations in memory, and there-
fore are likely to be tapped in this IAT. In this line of reasoning, it is understandable that 
these results were not found in Study 1, which used faces of peers as stimuli. In these 
age groups observing peer drinking is rather uncommon and therefore expressing social 
norms towards peers is less likely to occur (Donovan & Molina, 2008). 
Regarding explicit cognitions, it was found that alcohol use was positively associated with 
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explicit arousal expectancies, while no relation with sedation expectancies was found. It 
should be noted that these arousing expectancies referred to more positive feelings of 
arousal, for example being cheerful or excited, which makes the explanation for these 
findings in line with Study 1. Sedation expectancies were not correlated with alcohol con-
sumption. An explanation for these results could be that the children in this study have 
not been drinking enough to experience sedative consequences of alcohol use. 
  To summarize, both studies found that children have associations between alco-
hol and its evaluation. Moreover, we showed that children can consciously introspect 
about expectancies of alcohol. In the explicit expectancies literature, it is stressed that 
both positive and negative explicit effects from alcohol exist side by side (Cameron et 
al., 2003; Wiers et al., 2000), while others suggest that they are represented on the same 
continuum starting in childhood with negative expectancies becoming more positive 
over time (Dunn & Goldman, 1998). Our results showed that children expect positive 
as well as negative consequences of alcohol use which is more in line with the study of 
Cameron and colleagues (2003). Moreover, it has been suggested that children can also 
implicitly have both positive and negative associations (Thush & Wiers, 2007). By using a 
bipolar IAT we are not able to test this assumption. However, upon inspecting the mean 
scores on the IAT in the current studies, drinkers and abstainers associate alcohol rela-
tively more with angry than with happy faces, but this does not necessarily mean that 
children only associate alcohol with negative affect. It might be that children associate 
alcohol simultaneously with positive affect; however, this association was weaker than 
the negative association. To test this hypothesis, a unipolar IAT can be used in future 
research. In that way, all attribute categories (positive and negative) are contrasted with 
a neutral attribute. This might make it easier to examine specific associations with single 
attributes.
  In addition, implicit cognitions and explicit cognitions were inversely related to 
alcohol in the sense that negative implicit cognitions were related to alcohol use, while 
positive explicit cognitions were related to alcohol use. There is research suggesting 
disparate roles of explicit and implicit cognitions in relation to alcohol consumption 
(Swanson, Rudman, & Greenwald, 2001; Wiers et al., 2002). It has been proposed that 
explicit and implicit cognitions reflect different sources of attitudes. Nevertheless, future 
research should examine the unique meaning of implicit and explicit alcohol-related cog-
nitions in childhood more in depth. 
  Regarding parental drinking, no association with implicit and explicit cognitions 
was found in the first study. In the second study, paternal drinking was associated with 
explicit arousal expectancies, but also associated with negative implicit cognitions. Since 
this is the first study assessing the relation between the valence of implicit cognitions and 
parental alcohol use (father and mother separately), only a speculative explanation can be 
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given. It might be, besides observing the positive social aspects of drinking, that children 
also sometimes observe the negative consequences of their parents’ alcohol use, for 
example, more incidents where parents are drunk. As children more often observe their 
father drinking (Verdurmen et al., 2008), and fathers generally drink more alcohol than 
mothers (Van der Vorst, Engels, Meeus, & Deković, 2006), this might explain why the 
result is only found for fathers and not for mothers.  
  Remarkably, we did not find an association between children’s alcohol use and 
maternal or parental alcohol use in Study 1 or between children’s alcohol use and mater-
nal alcohol use in Study 2. We believe that this lack of association is due to the fact that 
we used small, convenience samples. Although studies on implicit cognitions often use 
small samples (for an overview, see Rooke et al., 2008), we think that larger, epidemi-
ological studies are needed to investigate the relation between parental and children’s 
drinking in more detail. Furthermore, the absence of an effect, especially in Study 1 with 
the younger children, could be explained by the fact that these children are early onset 
drinkers. It has been shown that early onset drinking is often more problematic and gene-
tically predisposed than is later onset drinking (Poelen et al., 2008). As a result, the lack of 
an association between parental drinking and alcohol use of the child could be explained 
by the fact that they early onset drinkers are more sensitive to other, e.g. genetic, factors 
that drive drinking behavior.
  Some limitations should be addressed. First of all, based on the cross-sectional 
design of these studies, no statements can be made regarding directions between vari-
ables. A longitudinal study should reveal how both explicit and implicit alcohol-related 
cognitions develop when alcohol use is initiated. Second, a longitudinal design might 
shed more light on the role of the social environment, such as parents and peers, in for-
ming explicit and implicit alcohol-related cognitions. Regarding the IAT used in this study, 
it would be valuable to further explore the relation between associations between alco-
hol and facial expressions and behavior in children. We provide support for the hypothe-
sis that an implicit social norm might be present in children, which can be tapped in an 
easy to understand IAT designed especially for use by children.  Moreover, a single target 
IAT or a bipolar IAT using a neutral contrasting target category (as opposed to soda) might 
be relevant to use in future research. Thereby, possible confounding effects of using soda 
as an opposing concept are overcome: children’s positive associations with soda might 
be that strong that positive associations with alcohol are overruled. Another limitation of 
this study is that the Cronbach’s alpha of the positive expectancies scale in Study 1 is low. 
Our interpretation of the associations between positive expectancies and alcohol use in 
Study 1 should therefore be taken with caution. Nevertheless, findings in Study 1 resemble 
those of Study 2, in which a more reliable positive arousal expectancies scale was used. 
One could argue that this provides evidence that positive expectancies are associated 
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with alcohol use in children. Furthermore, questionnaires with a limited amount of items, 
with a relatively low reliability, have been used before in research with children (Wiers, 
Gunning, & Sergeant, 2000). 
  Despite these limitations, this study is the first to find that both explicit and implicit 
cognitions are already important correlates of alcohol use in children. Also in accordance 
with adults, children have simultaneously positive and negative expectancies of alcohol. 
Future research should reveal a) how implicit and explicit alcohol cognitions develop 
from childhood to adolescence, b) how the social environment affect the development 
of these cognitions and c) how these cognitions are affecting and affected by children’s 
own alcohol use. Findings of these studies tap a new direction for alcohol prevention 
programs targeted at children. One could argue that these programs should focus on 
both explicit and implicit cognitive processes related to alcohol use. Explicitly, reducing 
positive and arousal expectancies might postpone children’s involvement in alcohol use. 
This could for instance be achieved by emphasizing the adverse consequences of alco-
hol use, for instance at schools or in the media. On an implicit level, studies have already 
shown that implicit attentional biases towards alcohol cues can be reduced during a 
re-training program (e.g., Wiers, Schoenmakers, Houben, Thush, Fadardi, & Cox, 2008). 
These results are promising and imply that implicit alcohol associations could be changed 
as well.  In that way, by measuring for instance implicit positive attitudes towards alcohol, 
at-risk children can be identified early on in childhood. Moreover, these children could 
benefit from programs that aim at changing these implicit associations, e.g., by reducing 
positive associations with alcohol.
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Table 1
Correlations of all Model Variables in Study 1 
1 2 3 4 5 6 7
1. Sex
2. Age    – .00
3. Alcohol use    – .15  .11
4. Alcohol use father    – .02  .09    – .15
5. Alcohol use mother  .11  .02    – .10  .57 
6. Positive expectancies    – .12  .00  .28  .00  .09
7. Negative expectancies    – .18  .14  .11    – .06    – .03  .05
8. Implicit associations    – .03    – .03    – .02  .09  .02  .10  .20
Note. Positive and negative expectancies are calculated as mean scores. Implicit asso-
ciations represent D2SD scores on the Implicit Association Test. Gender was coded as 
follows: 1 = male, 2 = female. *** = p < 0.001; * = p < 0.05 two-tailed tests.
*
***
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Table 2
Hierarchical Logistic Regression Analysis Predicting Alcohol Use from Implicit 
Associations, Positive and Negative Expectancies in Study 1
                Odds ratio Estimates
ORs Lower Upper
Step 1
Sex  .46  .17  1.25
Age  1.83  .55  6.09
Step 2
Implicit associations  .89  .37  2.12
Positive expectancies  5.20  1.38  19.61
Negative expectancies  1.28  .49  3.37
Note. * = p < 0.05 two-tailed tests. Gender was coded as follows: 1 = male, 2 = 
female.
*
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Table 3
Multiple Regression Analysis Predicting Implicit Associations and Explicit Expectancies 
from Alcohol Use Father and Mother in Study 1
      Beta
Implicit Expl. Pos. Expl. Neg.
Step 1
Sex  – .02  – .11  – .16
Age  – .04   .01   .13
Step 2
Alcohol use father   .12   .10  – .10
Alcohol use mother  – .04   .17   .05
Note. *** = p < 0.001; ** = p < 0.01; * = p < 0.05 two-tailed tests. Abbreviations 
Expl. Pos. and Expl. Neg. represent explicit positive expectancies and explicit 
negative expectancies respectively. Gender was coded as follows: 1 = male, 
2 = female.
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Table 4
Correlations of all Model Variables in Study 2
1 2 3 4 5 6 7
1. Sex
2. Age   .30
3. Alcohol use  – .30  – .12
4. Alcohol use father  – .26  – .10   .58
5. Alcohol use mother  – .01   .29   .08   .22
6. Arousal expectancies  – .12  – .14   .49   .52   .25
7. Sedation expectancies  – .02  – .09   .04   .03  – .20   .19
8. Implicit associations   .00  – .01  – .39  – .38  – .07  – .18  – .09
Note. Arousal and sedation expectancies are calculated as mean scores. Implicit asso-
ciations represent D2SD scores on the Implicit Association Test. Gender was coded as 
follows: 1 = male, 2 = female. *** = p < 0.001; ** = p < 0.01; * = p < 0.05 two-tailed tests.
***
** **
**
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Table 5
Hierarchical Logistic Regression Analysis Predicting Alcohol Use from 
Implicit Associations, Arousal and Sedation Expectancies in Study 2
           Odds ratio Estimates
ORs Lower Upper
Step 1
Sex  .45  .11  1.97
Age  .54  .15  2.00
Step 2
Implicit associations  .09  .01  .86
Arousal expectancies  3.11  1.13  8.54
Sedation expectancies  .94  .64  1.38
Note. *** = p < 0.001; ** = p < 0.01; * = p < 0.05 two-tailed tests. Gender was 
coded as follows: 1 = male, 2 = female.
*
*
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Table 6
Multiple Regression Analysis Predicting Implicit Associations from Alcohol Use Father 
and Mother in Study 2     
Implicit Expl. Ar. Expl. Sed. 
Step 1
Sex   .05  – .05   .00
Age  – .08  – .10  – .24
Step 2
Alcohol use father  – .37   .45   .18
Alcohol use mother   .02   .24  – .07
Note. *** = p < 0.001; ** = p < 0.01; * = p < 0.05 two-tailed tests. Abbreviations Expl. Ar. 
and Expl. Sed. represent explicit arousal expectancies and explicit sedation expectancies 
respectively. Gender was coded as follows: 1 = male, 2 = female.
* **
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Abstract
Dual process models of alcohol addiction propose that the transition from normative 
alcohol consumption to heavy drinking is the result of an imbalance in interplay between 
relatively impulsive or automatic and reflective or controlled processes. The current study 
examines whether impulsive and reflective processes are also detectable in a sample 
of adolescents with limited alcohol use. Specifically, we tested the interaction between 
alcohol approach tendencies and two types of reflective processes, working memory 
capacity (WMC) and alcohol-specific rule setting, on changes in alcohol use of 238 young 
adolescents (mean age: 13.82 years). Gender differences in these associations were also 
explored. Results showed that WMC did not moderate the relation between approach 
tendencies and subsequent alcohol use, whereas rule-setting did, with stronger associati-
ons between approach tendencies and alcohol use for male adolescents reporting more 
permissive parents than male adolescents with parents enforcing stricter rules involving 
alcohol use. Associations between approach tendencies and subsequent alcohol use did 
not emerge for females. Results indicate that even in a sample of adolescents with limited 
drinking experience, automatic processes are positively associated with alcohol use for 
male adolescents who are not motivated by parents to control their drinking. 
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Introduction
Alcohol misuse among young adolescents is common and its prevalence is increasing. 
A recent Health Behavior in School-aged Children (HBSC) survey among 35 countries 
indicated that among 11 year olds, approximately 7.3% of boys and 3% of girls drank alco-
hol on a weekly basis. At the age of 15, these percentages increased to 34.3% and 23.9% 
respectively (Currie et al., 2004). The Netherlands is one of the countries with the highest 
rates of alcohol use. That alcohol misuse among adolescents is an increasing health con-
cern becomes evident from recent studies that indicate that the number of adolescents 
who are admitted to the hospital with alcohol intoxications is rising (Van Hoof, Van der 
Lely, Bouthoorn, Van Dalen, & Pereira, 2010). Studies have shown that adolescents who 
drink alcohol at a fairly young age are more likely to develop an alcohol use disorder 
later in life than those who initiate drinking at a later age (e.g., Hingson, Heeren, & Winter, 
2006). 
  In an effort to elucidate factors that might explain the initiation and continuation of 
alcohol use, dual process models of addiction propose that the transition from normative 
alcohol consumption to heavy drinking is the result of an imbalance in interplay between 
impulsive or relatively automatic and reflective or controlled processes (Deutsch & Strack, 
2006; Stacy, Ames, & Knowlton, 2004; Wiers et al., 2007). On one hand, dopaminergic 
projections in the reward system become hypersensitive to alcohol and alcohol cues 
with repeated alcohol use, a process called sensitization (Robinson & Berridge, 1993, 
2003). This results in alcohol cues becoming highly salient and processed relatively auto-
matically (Robinson & Berridge, 1993, 2003). Reflective processes, on the other hand, 
have the power to override these automatic motivational tendencies towards alcohol. 
For reflective processes to control impulsive reactions to alcohol, an individual should be 
both capable and motivated to control behavior. The main aim of the current study is to 
examine aspects of the dual process model in a sample of young adolescents. 
  Figure 1 depicts the theoretical framework for the current study, which was adap-
ted from the dual process model by Wiers and colleagues (2007). The lower part of the 
figure describes impulsive or automatic processes. Central to these processes is the 
ability of cues to elicit certain impulsive reactions that steer further alcohol use. One 
assumption that is made is that these processes are fueled by alcohol use itself; that is, 
neural sensitization is thought to take place as a result of the pharmacological proper-
ties of alcohol. In early adolescence, alcohol use is sometimes limited, which leads to 
the question whether neural sensitization and related processes are already activated. 
Although we are not aware of any direct evidence of neural sensitization to alcohol in 
young adolescents, studies examining alcohol-related memory associations and related 
constructs do provide some indirect evidence that impulsive reactions to alcohol may 
be detected in samples with limited substance use experiences. That is, Thush and Wiers 
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(2007) found that binge drinking was associated with more implicit arousal associations 
in adolescents with limited drinking experience. This finding corresponds with theories 
on neural sensitization (e.g., Robinson and Berridge, 1993). Some of our recent work 
indicates that children with no or limited drinking experience already have alcohol-related 
memory associations (Pieters, Van der Vorst, Engels, & Wiers, 2010). We also found that 
alcohol-related memory associations of children who did not drink predict subsequent 
alcohol involvement one year later (Van der Vorst et al., unpublished data). In addition, 
accumulating evidence shows that motivational brain circuits are undergoing significant 
changes associated with puberty, which might fuel these processes as well (Forbes & 
Dahl, 2010). Animal studies have also indicated stronger sensitization in adolescents (e.g., 
rats) compared to adults (e.g., Adriani, Chiarotti, & Laviola, 1998).
  The aspect of impulsive reactions to alcohol that is the focus of the current 
study are approach tendencies, meaning that an individual is inclined to automatically 
approach cues that have been associated with alcohol and drug use (Wiers et al., 2007; 
Wiers, Rinck, Dictus, & Van den Wildenberg, 2009; Stacy & Wiers, 2010). An approach 
bias can be assessed in the laboratory using indirect measures that track reaction times 
of approaching alcohol versus control pictures or associations between alcohol and 
approach behaviors. One task often used in alcohol and drug research is the relevant 
Stimulus Response Compatibility (SRC) Task (Field, Kiernan, Eastwood, & Child, 2008; 
Field, Caren, Fernie, & De Houwer, 2011; Mogg, Bradley, Field, & De Houwer, 2003). In 
this task, reaction times are recorded when individuals approach or avoid alcohol cues 
(e.g., manikin moving toward a picture or away from it).  It has been shown that heavy, 
but not light, drinkers were reasonably faster to approach alcohol cues compared to 
avoiding them in a SRC Task, and that this bias was associated with alcohol craving in 
social drinkers and with both craving and alcohol use in heavy drinkers (Field et al., 2008; 
Field, Mogg, & Bradley, 2005). This approach bias has also been demonstrated in smo-
kers (Mogg et al., 2003) and cannabis users (Field, Eastwood, Bradley, & Mogg, 2006). In 
addition to the SRC Task, other tasks have been used to assess an approach bias, such as 
the Implicit Association Test (Palfai & Ostafin, 2003), which showed that various measu-
res of problem drinking were associated with an implicit association between “alcohol” 
and “approach” versus “avoidance” concepts. In addition, using a Simon Task, it has been 
shown that heavy drinkers with at least one copy of the OPRM1 G-allele were faster to 
approach than avoid alcohol pictures with a joystick (Wiers et al., 2009). In Simon Tasks, 
participants respond to stimuli in terms of irrelevant features (e.g. portrait vs. landscape). 
Van Hemel-Ruiter and colleagues (2011) could not demonstrate an approach bias in 
“heavier” drinking adolescents using a Simon Task. Another recent study combining a 
“relevant” SRC Task with a Simon Task showed that heavy versus light drinkers were faster 
to approach alcohol on a “relevant” SRC Task, but not on a Simon Task (Field et al., 2011), 
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which was interpreted as if the SRC Task would tap automatic approach tendencies more 
thoroughly. Nevertheless, other scholars state that irrelevant feature tasks would be more 
indirect compared to relevant ones and therefore better match the definition of implicit 
cognitions (e.g., De Houwer, 2003).  
  The upper part of Fig. 1 describes reflective or controlled processes. The dual pro-
cess model points out that to outweigh automatic processes, adolescents should have a 
both the capability and the motivation to do so. Recent neurocognitive research and the-
orizing has indicated that motivation and ability to control co-develop and appear to be 
more intimately related than previously thought (Gladwin, Figner, Crone, & Wiers, 2011). 
The capability to inhibit automatic processes is largely dependent on executive functions, 
which are associated with the prefrontal cortex, a brain area that is not fully matured until 
early adulthood and is negatively affected by alcohol use (Spear, 2002). A related concept 
is working memory capacity (WMC), defined as the ability to keep information in an active 
state and to control, or re-direct, attention (Engle, 2002). Not only is WMC bi-direction-
ally associated with alcohol use, WMC has also been proposed as a moderator on the 
relation between automatic processes and alcohol use. It has been shown that implicit 
alcohol-related cognitions were predictive of alcohol use only in at-risk adolescents with 
poor WMC (Grenard et al., 2008; Thush et al., 2008). Although evidence supporting this 
moderating effect of WMC on the relation between automatic processes and alcohol use 
is accumulating in young adults (Friese, Bargas-Avila, Hofmann, & Wiers, 2010; Houben 
& Wiers, 2009), it is yet unclear whether these findings generalize to younger adoles-
cents without an at-risk status. In addition, studies examining this relation in a longitudinal 
design are scarce.
  The motivation to override impulsive tendencies (Wiers et al., 2007) is thought to 
be low in adolescents, because adolescents often do not seem to be aware of the fact 
that their behavior is problematic in any way. At first glance, this reasoning may seem 
difficult to translate to adolescents with limited drinking experience. However, we pro-
pose that the motivation to control behavior may be also modulated by external forces, 
such as parents. That is, it has been well established that parents can delay the age of 
onset of drinking as well as lowering the amounts of use by using alcohol-specific soci-
alization strategies (e.g., Van den Eijnden, Van de Mheen, Vet, & Vermulst, 2011; Van der 
Vorst, Vermulst, Meeus, Deković, & Engels, 2009). Alcohol-specific socialization refers to 
parenting strategies specifically meant to prevent adolescent alcohol use, such as setting 
strict rules about drinking (Jackson, Henriksen, & Dickinson, 1999; Van der Vorst, Engels, 
Meeus, Deković, & Van Leeuwe, 2005). Prospective research has shown that parents who 
set strict rules concerning alcohol use prevent the initiation and the escalation of adoles-
cent alcohol use (e.g., Van der Vorst, Engels, Deković, Meeus, & Vermulst, 2007; Van der 
Vorst, Engels, Meeus, & Deković, 2006; Yu, 2003), even in late adolescence and emerging 
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adulthood (e.g., Abar, Abar, & Turrisi, 2009; Mares, Van der Vorst, Engels, & Lichtwarck-
Aschoff, 2011; Turrisi & Ray, 2010; Wood, Read, Mitchell, & Brand, 2004). Moreover, strict 
alcohol-specific rules seem to be important for at-risk youth such as adolescents gene-
tically vulnerable for alcohol (Pieters et al., 2012; Van der Zwaluw et al., 2010), following 
special education (Van Zundert, Van der Vorst, Vermulst, & Engels, 2006), and from low 
socioeconomic backgrounds (Spijkerman, Van den Eijnden, & Huiberts, 2008). This sug-
gests that adolescents internalize the alcohol-specific rules of their parents, referred to as 
injunctive norms (e.g., Turner, 1991), which cause the robust preventive influence of this 
parenting practice. Nevertheless, because parents really have to actively enforce these 
rules, we consider alcohol-specific rules as an external control mechanism affecting the 
motivation of adolescents to reflect. Accordingly, we put forward that parental rule-set-
ting might also function as a moderator on the relation between impulsive or automatic 
processes and alcohol use. 
  In sum, we expect that approach tendencies toward alcohol will be related to 
higher levels alcohol use in young adolescents, especially when levels of WMC are low. 
In addition, we expect that stricter rules endorsed by parents will function as a protec-
tive factor in the relation between approach tendencies and alcohol use. In addition, we 
explore gender differences in the proposed relations.
Materials and Methods
Participants
For the current paper, data were used from 238 young adolescents (49.6% boys; M
age 
= 13.82, SD = .81). A total of 87.9% of the participants were Caucasian (both parents 
Caucasian); the remainder had at least one non-Caucasian parent. Early adolescents 
came from both urban and rural areas. Concerning educational track, 46.2% had a colle-
ge-preparatory level, 31.5% an intermediate or basic level, and 7.9% of participants had a 
vocational level, 14.3% of participants did not provide a definitive educational track, since 
it is not obliged to choose a definitive educational track in the Netherlands before second 
grade. A total of 73,5% of participants reported to have drunk alcohol at least once in their 
lives.
Procedure
Data were derived from the first two waves of a longitudinal study (c. 1 year interval) 
assessing risk factors related to adolescent alcohol use. A total of 725 adolescents of the 
1215 that were contacted by mail for participation, agreed to take part in this study by 
returning an informed consent form signed by their parents and themselves. Additional 
information about the study was included with the mail as well. Data collection took 
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place for two days. On the first day, adolescents completed computer tasks assessing 
cognitive risk factors (e.g., SRC Task). On the second day, participants completed questi-
onnaires assessing demographics, alcohol use, and parental rule-setting. On both testing 
days, trained research assistants supervised the data collection and explained that data 
would be handled confidentially. A subject number was assigned to each participant to 
guarantee privacy. In both waves, participants completed questionnaires and compu-
terized tasks at school, under the supervision of trained research assistants. For a more 
detailed description of the procedure, see Pieters, Van der Vorst, Burk, Wiers and Engels 
(2010). 
  As the focus of the current study is on adolescents, data were used from partici-
pants aged 12 to 16 years of age (n = 556). At T1, 292 of these adolescents completed the 
SRC Task. A total of 25 participants were excluded because of incomplete survey measu-
res at T1, and an additional 29 students were excluded due to missingness on the alcohol 
use measure at T2. This resulted in a total sample of 238 adolescents. t–Tests revealed 
differences between our final sample and the original 556 sample on age (t (538) = 3.57, 
p < .001, excluded participants were slightly older), education (t (551) = - 9.02, p < .001), 
excluded had a lower level of education), alcohol use frequency at T1 (t (544) = 2.88, 
p = .004), excluded drank more) and alcohol use frequency at T2 (t (469) = 3.89, 
p < .001). Participants did not differ with regard to gender (X2 = .34, p = .56).
Measures
•  Alcohol use. Young adolescents were asked to report how often they drank alcohol in 
the past 4 weeks, at T1 and T2 (Engels & Knibbe, 2000). Answer categories to this item 
were: (1) “I did not drink alcohol in the past 4 weeks”, (2) “I drank alcohol 1 to 3 times 
in the past 4 weeks”, (3) “I drank alcohol 1 to 2 times per week in the past 4 weeks”, 
(4) “I drank alcohol 3 to 4 times per week in the past 4 weeks”, (5) “I drank alcohol 5 
to 6 times per week in the past 4 weeks”, (6) “I drank alcohol every day in the past 4 
weeks”. 
•  Stimulus Response Compatibility (SRC) Task. The Stimulus Reponse Compatibility 
(SRC) Task (Field et al., 2008; Mogg et al., 2003) was designed to measure approach 
tendencies towards alcohol cues. In this reaction time task that was completed at T1, 
participants were instructed to either approach or avoid pictures with an alcoholic 
content in two blocks of 40 trials (each block preceded by 8 practice trials that were 
excluded from the analyses). Each trial commenced with a blank screen that was pre-
sented for 1000 ms. Subsequently, a picture containing either an alcoholic drink (from 
a pool of 18 pictures) or a soft drink (from a pool of 18 pictures) was presented in the 
middle of the screen and a manikin was presented below or above it. Depending on 
instructions, participants had to move the manikin towards or away from the pic-
50
ture by button-press. For example, if the manikin was positioned above an alcohol 
picture in an “approach alcohol” trial, participants had to press the arrow pointing 
downward (vs. upward) on their keyboards. If participants responded correctly, the 
manikin moved towards the picture. If they made an erroneous response, a large red 
X appeared over the picture. There was a 500 ms interval between all trials. The order 
of the blocks (approach vs. avoid alcohol) was counterbalanced across subjects. The 
mean reaction time on “approach alcohol trials” was subtracted from the mean reac-
tion time on “avoid alcohol trials,” resulting in one deviation score per participant. A 
higher score was indicative of a relative approach preference to alcohol pictures. The 
SRC Task was elected as a measure of approach tendencies, given its previous use in 
a sample of adolescents and young adults and its sufficient psychometric properties 
(e.g. Field et al., 2005, 2008)
  A total of 23 participants were discarded from further analyses because of error 
scores exceeding 20% of the trials (more than 16 errors in 80 trials). Main analyses 
were therefore conducted on 215 participants. Of these, 5 participants had extremely 
high deviation scores (> 3 SD). These scores were drawn back to standardized values 
of 2.96. A t-test revealed an effect of order of blocks on the SRC Task deviation score, 
(t (213) = 2.14, p = .033, therefore order was included as a control variable in the 
regression analysis.
•  Working Memory Capacity (WMC). A computerized version of the Self-Ordered 
Pointing Task (SOPT) was used based on the original task (Petrides & Milner, 1982). Four 
different versions of the task were utilized: 9 abstract pictures (grey abstract images), 9 
concrete pictures (pictures of people performing different sports), 12 abstract pictures 
(grey abstract images) and 12 concrete pictures (pictures of farm animals). In each ver-
sion, subjects were instructed to select a picture from a matrix of pictures in each trial. 
When the matrix consisted of 9 pictures, participants had to select a different picture 
on a different location in 9 trials. The location of the pictures changed in every trial. For 
each version, the percentage of correct trials was computed; a mean percentage over 
all 4 versions was used as the outcome score. Higher scores reflected better WMC. 
The internal consistency of the four versions was good (Cronbach’s alpha = 0.87). The 
SOPT was administered because it is easy to administer to children and young adoles-
cents. Furthermore, its psychometric properties are sufficient (Ross et al., 2007). In addi-
tion, this measure was used before in testing WMC moderation related to dual process 
model in previous research (e.g., Thush et al., 2008; Grenard et al., 2008).
•  Parental rule-setting. We asked early adolescents about their perception of the rules 
that their parents set regarding alcohol use at T1 using 10 items (Van Der Vorst et al., 
2005, 2006, 2007). For example, participants were asked whether they were allowed 
to drink an alcoholic beverage at home if their parents are absent. Answers were given 
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on a 5-point scale: (1) “Not applicable to my situation at all”, (2) “Hardly applicable to 
my situation”, (3) “Somewhat applicable to my situation”, (4) “Applicable to my situ-
ation”, (5) “Definitely applicable to my situation”. Means were calculated and higher 
scores reflected a stricter parental attitude towards alcohol use by their offspring, as 
perceived by their child. Alpha was very high (0.94).
•  Parental alcohol use. In two items, adolescents were asked about their father’s and 
mother’s frequency of alcohol use in the past 4 weeks. These items were based on 
the item previously described measuring the frequency of alcohol use by the adoles-
cents (Engels & Knibbe, 2000). Answers were given on a 6-point scale: (1) “My father/
mother did not drink alcohol in the past 4 weeks”, (2) “My father/mother drank alcohol 
1 to 3 times in the past 4 weeks”, (3) “My father/mother drank alcohol 1 to 2 times per 
week in the past 4 weeks”, (4) “My father/mother drank alcohol 3 to 4 times per week 
in the past 4 weeks”, (5) “My father/mother drank alcohol 5 to 6 times per week in the 
past 4 weeks”, (6) “My father/mother drank alcohol every day in the past 4 weeks”. 
An average score reflecting parental alcohol use was calculated over the two items. 
Alpha was sufficient (0.79). 
Results
Descriptives
A repeated measures analysis of variance with gender as a between-subject factor, time 
(T1, T2) as a within subject factor and alcohol use frequency in the past four weeks as a 
dependent variable showed that, on average, participants drank alcohol more often at T2 
than T1, F (1, 229) = 7.30, p = .007. At T1, 76.9% of the early adolescents did not drink in 
the month preceding the study, 18.1% drank 1 to 3 times in the past 4 weeks, 2.5% drank 
1 to 2 times per week in the past 4 weeks, 2.1% drank 3 to 4 times per week in the past 4 
weeks and .4% drank alcohol each day in the past 4 weeks. At T2, these figures were 64.5, 
26.4 , 6.9, 1.7 and .4%, respectively. No main effect of gender, F (1, 229) = .23, p = .636, or 
an interaction between time and gender, F (1, 229) = .02, p = .881, was found. 
Correlations
Pearson correlation coefficients are shown in Table 1. The SRC score correlated negati-
vely with parental alcohol use, suggesting that higher levels of parental alcohol use are 
related to less approach tendencies towards alcohol. Parental rule setting correlated 
negatively with parental alcohol use and adolescent alcohol at T1 and T2, indicating that 
stricter rules are related to less parental and adolescent alcohol use. Alcohol use at T1 
correlated positively with alcohol use at T2 and parental alcohol use. Alcohol use at T2 
correlated positively with parental alcohol use. Age correlated significantly with parental 
rule-setting and alcohol use at T1. All other correlations were nonsignificant.
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Linear Regression Analysis
In Step 1 of a regression analysis gender, age, parental alcohol use, T1 alcohol use, WMC, 
parental rule-setting, SRC and the SRC order of blocks were entered. Three interactions 
were entered in the second step: SRC by WMC, SRC by parental rule setting, and WMC 
by alcohol-specific rule-setting. In Step 3, all two- and three-way interactions with gender 
were entered. Results are shown in Table 2. The adjusted R2 from the main effects model 
was .15, F = 5.542, p < .001; the adjusted R2 from model 2 was .20, ΔF = 5.004, p = .002; 
the adjusted R2 from model 3 was .26, ΔF = 3.871, p = .001.*
  Results indicated that the significant two-way interactions between the SRC and 
parental rule-setting and between gender and the SRC were qualified by a significant 
three-way interaction between gender, SRC and parental rule-setting. Follow-up analyses 
(Hayes and Matthes, 2009)  indicated that the interaction between the SRC and parental 
rule-setting was significant only for male adolescents (B = .57, SE = .12, p < .001), not for 
girls (B = .07, SE = .08, p = .38). Simple slopes for boys are presented in Fig. 2. The asso-
ciation between the SRC difference score and alcohol use was stronger for male adoles-
cents with permissive parents (B = 1.16, SE = .18, p < .001) than for intermediate parents 
(B = .42, SE = .09, p < .001). The association between the SRC score and alcohol use was 
negative for adolescent boys with strict parents (B = -.32, SE = .15, p = .03). 
Discussion
The main aim of the current study was to examine the moderating effect of WMC and 
alcohol-specific rule-setting on the relation between alcohol approach tendencies and 
adolescent alcohol use. Results showed that WMC did not moderate this relation, while 
alcohol-specific rule-setting did, for male adolescents. When parents were strict, the 
relation between alcohol approach tendencies and alcohol use over time was negative. 
However, when parents were intermediately strict or permissive regarding their offspring’s 
alcohol use, the relation between approach tendencies and alcohol use was positive. The 
strongest positive relation was found for adolescents with permissive parents. 
  The finding that WMC did not interact with alcohol approach tendencies in explai-
ning alcohol use does not correspond with some of the previous research (e.g., Grenard 
et al., 2008; Thush et al., 2008; Houben & Wiers, 2009). According to dual process 
models, both the capability and the motivation to control behavior should be present 
to a certain level in order for reflective processes to function as a brake on the effect of 
automatic processes. If WMC would not be sufficient at all, motivation to inhibit would 
not lead to an inhibition of impulsive tendencies towards alcohol. We studied a (relatively) 
average (compared to at-risk) Dutch adolescent sample, who have, in our view, sufficient 
capability to inhibit behavior (e.g., a sufficient WMC). However, not all adolescents have 
the motivation to do so. In our study, this translates to parental rule-setting. To be more 
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concise, you may have the ability to control behavior (and if your ability is medium high 
or very high is not that important), but if you do not know why you should control your 
behavior, you will not attempt to. When parents endorse strict rules concerning alcohol 
use, these may be internalized and function as a moderator on developing automatic 
tendencies towards alcohol, if the capability is sufficient (the latter, in our opinion, is the 
case for the adolescents in our sample). Second, the alcohol measure in our sample 
has limited variance. Where previous studies used samples of at-risk adolescents, we 
used a sample of average Dutch adolescents, with obviously less variance in alcohol 
use. Third, we used a different indirect measure compared with other studies. Although 
Thush and Wiers (2007) and Grenard and colleagues (2008) have used tests of memory 
associations as indirect measure, we used approach tendencies. Our findings are more in 
agreement with Van Hemel-Ruiter and colleagues (2011) who did not find an interaction 
with the Affective Simon Task and the Random Number Generation Task. However, Van 
Hemel-Ruiter and colleagues (2011) found a negative relation between the Simon Task 
and alcohol use, where we found a positive one, which potentially could also be due to 
differences between our SRC Task (relevant feature) and their Simon Task (irrelevant fea-
ture). Finally, the SOPT we used is conceptually different from the one that is employed 
by Thush and Wiers (2007), who used 3 versions of the SOPT, all with 12 trials, but all with 
pictures of concrete items (e.g., a calculator, bus, stopwatch). Grenard and colleagues 
(2008) stated that they used 6 versions of the SOPT, all with 12 trials. Nothing was spe-
cifically declared about the content of the pictures. Our SOPT consisted of 4 versions, 
two of 9 trials (abstract and concrete pictures respectively) and two of 12 trials (abstract 
(grayscale images) and concrete respectively). 
  Figure 1 displays our opinion on the position parental rule-setting may have in 
the (simplified) dual process model (adapted from Wiers et al., 2007). Parental rules are 
shown as a factor associated with the motivation to control behavior. We speculate that 
internalized parental rules (we asked adolescents after their perception of parental rules 
regarding alcohol) might correlate with the motivation to inhibit behavior. This study 
has several limitations. First, only one aspect of automatic processing was measured, 
approach tendencies. It would be valuable to assess other implicit alcohol cognitions, 
such as alcohol-related memory associations (e.g., Grenard et al., 2008; Thush et al., 
2008). Second, due to power problems, we were not able to compare different educa-
tional levels, while effects seem to be most profound in low-level students (e.g., Grenard 
et al., 2008; Thush et al., 2008). Third, although this study made use of a longitudinal 
design, the interval between assessments was relatively short (i.e., about one year). It 
would be interesting to examine how approach tendencies develop over time and how 
they are influenced by parents, from late childhood on, when drinking is probably not 
yet initiated, to early adulthood. For instance, in the current study, a negative association 
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was found between parental alcohol use and approach tendencies, suggesting that the 
more parents drink, the less approach tendencies their offspring has. An explanation for 
this effect could be that those adolescents with parents who drink less are more prone 
to the novelty aspect of alcohol cues, thereby increasing their reaction times. However, it 
could also be that offspring from parents who drink a lot have negative associations with 
alcohol, because they do not like their parents’ behavior in response to alcohol, thereby 
decreasing their reaction times to alcohol cues. Unfortunately, the current data does not 
provide conclusive evidence for these speculations. We chose to examine frequency of 
parental drinking, because this measure was closely related to our adolescent alcohol 
measure. Future research should also include measures of quantity of parental alcohol 
use and parental problem drinking to better understand this observed relation.
  In sum, although this study has a few limitations, it is the first to examine the 
association between alcohol approach tendencies and alcohol use prospectively in a 
relatively normative adolescent sample. Furthermore, parents have been added to the 
dual process model as an external marker of motivation to abstain for drinking. A study 
by Koning and colleagues (2011) found that both young adolescents and their parents 
should be targeted in alcohol prevention. They indicated that an intervention program 
for both parents and their offspring delayed the onset of weekly drinking by increasing 
adolescent self-control and strict perceived parental rule-setting. Our results point in the 
same direction, suggesting that parental rule-setting might increase the motivation to 
control impulsive reactions to alcohol. Furthermore, this implies that retraining procedu-
res, in which people are implicitly trained to avoid alcohol (e.g., Wiers et al., 2010), might 
be suitable for male adolescents with permissive parents. 
Footnote*
Based on the notion that neural sensitization is dependent on the pharmacological properties of alcohol, we 
repeated the regression analysis on a subsample of adolescents who reported to have drunk alcohol at least once 
in their lives (73,5%). The pattern of results was very similar to the results presented in the main text and in Table 2. 
That is, we found an interaction between SRC and parental-rule setting on alcohol use at T2 (and a three-way inter-
action between gender, SRC and parental rule-setting), but we did not find an interaction between SRC and WMC. 
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Table 1
Pearson Correlations between All Study Variables 
1 2 3 4 5 6 7 8
1. Gender
2. Age  – .10
3. WMC  – .03   .01
4. Rules   .01  – .28   .05
5. SRC  – .09  – .02   .01   .08
6. Alc 1  – .07   .12  – .08  – .32  – .11
7. Alc 2  – .06   .16  – .06  – .27   .10   .33 
8. P Alc   .12   .00  – .12  – .25  – .14   .20   .16
Mean   13.81   78.74   4.54   61.69   1.29   1.46   2.86
SD   .78   18.82   .69   976.08   .67   .77   1.48
Note. Gender was coded as 0 = male, 1 = female. Working memory capacity is coded as 
WMC. Positive numbers on parental rule setting (rules) reflect stricter rule setting. Positive 
numbers on the SRC difference score (SRC) reflect relatively smaller average reaction 
times on approach alcohol versus avoid alcohol trials. Alc 1 and alc 2 reflect alcohol use 
frequency at T1 and T2. P Alc reflects parental alcohol use. * = p < .05 ** = p < .01 *** = 
p < .001 two-tailed tests. 
***
***
*** ***
** *****
*
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Table 2
Hierarchical Multiple Regression Analysis Predicting Alcohol Use at T2
Model 1 Model 2 Model 3
B SE p B SE p B SE p
Gender  - .06   .10  .58  - .10  .10  .31  - .16  .10  .10
Age   .07   .07  .25   .08  .06  .24   .07  .06  .26
SRC   .16   .06  .01   .18  .06  .00   .38  .09  .00
Parental rule-setting  - .12   .06  .05  - .12  .06  .04  - .28  .08  .00
WMC  - .01   .06  .81  - .03  .06  .66  - .01  .09  .92
Parental alcohol use   .05   .04  .15   .07  .04  .05   .06  .03  .06
Alcohol use T1   .29   .08  .00   .31  .08  .00   .28  .08  .00
SRC order of blocks   .16   .10  .12   .15  .10  .12   .12  .10  .23
SRC x WMC   .02  .08  .79  - .06  .13  .63
SRC x Parental rule-setting  - .30  .08  .00  - .76  .14  .00
WMC x Parental rule-setting  - .01  .06  .86  - .05  .10  .63
Gender x SRC  - .34  .12  .01
Gender x WMC  - .05  .11  .64
Gender x Parental rule-setting   .15  .10  .15
Gender x SRC x WMC   .04  .17  .80
Gender x SRC x Parental rule-setting   .65  .17  .00
Gender x WMC x Parental rule-setting   .09  .13  .46
Adjusted R2    .15  .20  .26
ΔF   5.524  5.004  3.871
p  < .001  .002  .001
Note. Working memory capacity is coded as WMC (Z-scores were used). Positive numbers on the 
SRC difference score reflect relatively smaller average reaction times on approach alcohol versus 
avoid alcohol trials (Z-scores were used).
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Figure 1 
Aspects from the Dual Process Model Adapted from Wiers et al. (2007) Form the 
Theoretical Framework for the Current Study
Note. EF capability = Executive functioning capability.  
58
Figure 2
The Moderating Effect of Alcohol-Specific Rule-Setting by Parents on the Relation bet-
ween Alcohol Approach Tendencies and Young Adolescent Boys’ Alcohol Consumption
Note. Positive numbers on the SRC difference score reflect relatively smaller average 
reaction times on approach alcohol versus avoid alcohol trials (Z-scores were used). 
Separate lines represent indices of alcohol-specific rule-setting: permissive, intermediate 
or strict regarding their children’s drinking behavior.  
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Abstract
Dual process models suggest that the development of addictive behaviours is the result 
of interplay between impulsive and reflective processes, modulated by boundary con-
ditions such as individual or situational factors. Empirical support for this model has 
been repeatedly demonstrated in adult samples (for a meta-analysis see Rooke, Hine, & 
Thorsteinsson, 2008). The purpose of this study was to test these processes as they relate 
to emerging alcohol use in adolescents. Specifically, the interactive effects of several 
measures of impulsive and reflective processes and working memory capacity (WMC) are 
examined as predictors of changes in alcohol use among adolescents. It was expected 
that measures of reflective processes would better predict changes in alcohol use than 
measures of impulsive processes. Moreover, it was anticipated that WMC would mode-
rate the relation between alcohol-specific impulsive and reflective processes and chan-
ges in adolescent alcohol use. The sample consisted of 427 adolescents (47.7% male) 
between 12 and 16 years of age (M = 13.96, SD = .78) who reported drinking alcohol 
at least once. Four measures of impulsive processes were included. Attentional bias for 
alcohol was assessed with a Visual Probe (VP) Test; approach bias toward alcohol was 
assessed with a Stimulus Response Compatibility (SRC) Task; and memory associations 
with alcohol were assessed with an Implicit Association Test (IAT) and a Word Association 
Test (WAT). Two measures of reflective measures were included: positive and negative 
expectancies. Working memory capacity was measured using a Self-Ordered Pointing 
Task (SOPT). Results showed that positive expectancies predicted changes in alcohol use, 
but this effect was qualified by an interaction with IAT scores. Moreover, SRC scores pre-
dicted changes in alcohol use only when negative expectancies were low. Attentional 
bias and word association scores did not predict changes in alcohol use. The relations 
between alcohol-specific processes or reflective processes and alcohol use were not 
moderated by working memory capacity. Although there is empirical evidence for the 
validity of the model in predicting heavier alcohol use in adolescents, or alcohol abuse 
and dependence in adults, these observations do not generalize to a sample of norma-
tive, early adolescents. More specifically, results indicated that reflective processes are 
more important predictors of changes in alcohol use than impulsive process during ado-
lescence. 
63
Introduction
Dual process models of addiction state that the development of addictive behaviours is 
the result of interplay between impulsive and reflective processes, modulated by bounda-
ry conditions such as individual or situational factors (Deutsch & Strack, 2006; Wiers et al., 
2007; Wiers, Ames, Hofmann, Krank, & Stacy, 2010). Impulsive processes are automatic, 
relatively less conscious processes, while reflective processes are deliberate and consci-
ous processes. Impulsive processes become stronger with repeated use due to associa-
tive learning and alcohol-induced neural sensitization, while the ability to reflect on beha-
viour is negatively affected by drinking. Support for the applicability of elements of dual 
process models to various health behaviours, including addictive behaviours, in adults is 
accumulating (e.g., Hofmann, Friese, & Wiers, 2008; Sheeran, Gollwitzer, & Bargh, 2013; 
Wiers et al., 2007). However, to date much less is known about how these models relate 
to substance use and the development of addictive behaviours in adolescence. The main 
aim of the current study is to examine whether the development of young adolescent 
drinking patterns can be explained by (elements of) the dual process model. 
  It has been suggested that adolescents are inclined to prefer behaviors that invol-
ve a certain risk, such as experimenting with alcohol and other illicit drugs (Arnett, 1992). 
Several models of adolescent brain development have emphasized that risky behavi-
ors are the result of an imbalance in the development of two neural systems: on one 
hand, an affective system that develops swiftly in parallel with hormonal developments 
during puberty, and on the other hand a reflective system that matures relatively more 
slowly and does not reach maturity until young adulthood (e.g., Casey, Jones, & Hare, 
2008; Casey & Jones, 2010; Ernst, Pine, & Hardin, 2006; Galvan et al., 2006; Somerville 
& Casey, 2010). The former system is dependent on neural circuits encompassing the 
striatum/nucleus accumbens (NAc; and more limbic areas, cf. the triadic model of Ernst 
et al., 2006), associated with affective and reward-driven processes, while the latter is 
associated with more lateral prefrontal regions (Casey & Jones, 2010). Imbalance in brain 
development during adolescence may explain why adolescents are less likely to inhibit 
the motivation to approach a potentially rewarding, yet risky, stimulus.
  These theoretical models are in line with dual process models (e.g., Wiers et al., 
2007), suggesting that substances affect related developing neural systems, meaning that 
repeated alcohol use sensitizes neural systems associated with the attribution of salience 
to cues previously associated with alcohol use (e.g., Robinson & Berridge, 1993), while 
alcohol use impairs more lateral prefrontal regions associated with the reflective system. 
As a result, impulsive processes become stronger, leading to attentional and approach 
biases towards alcohol (cues), while the reflective system can no longer inhibit these 
automatic impulses.
  To date, most research has focused on reflective processes, measured with ques-
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tionnaires examining attitudes towards alcohol, expectancies from alcohol and motives 
for drinking alcohol. Studies have shown that even before children engage in alcohol use, 
they already develop expectancies from alcohol (Cameron et al., 2003; Wiers, Sergeant, 
& Gunning, 2000; Dunn & Goldman, 1996; Jahoda & Crammond, 1972). Before the age 
of ten, attitudes towards and expectancies about the effects of alcohol are predomi-
nantly negative (Dunn & Goldman, 1996; Jahoda & Crammond, 1972; Wiers et al., 2000). 
After the age of ten, there is an increase in positive expectancies. Whereas some suggest 
that negative expectancies are replaced by positive ones (Dunn & Goldman, 1996, 1998), 
others suggest that positive and negative expectancies co-exist, with positive expectan-
cies becoming stronger over time (Cameron et al., 2003). 
  Studies have shown that positive expectancies predict alcohol use concurrent-
ly (e.g., Cable & Sacker, 2008) and longitudinally (e.g., between 6 months to 9 years; 
Gerrard, Gibbons, Benthin, & Hessling, 1996; Aas, Leigh, Anderssen, & Jakobsen, 1998; 
Leigh & Stacy, 1991). In addition, positive expectancies predicted alcohol use problems in 
adulthood (Cable & Sacker, 2007). While many studies have examined positive expectan-
cies and adolescent alcohol use, fewer studies have reported on negative expectancies. 
Some report that negative expectancies are negatively related to alcohol, such that the 
more negative expectancies adolescents have, the less they drink (e.g., Cooper, 1994; 
Goldman & Roehrich, 1991; Kuntsche et al., 2005). Other studies have not been able to 
demonstrate a relation between negative expectancies and levels of alcohol use (e.g., 
Fromme, Stroot, & Kaplan, 1993). 
  Alcohol-specific impulsive processes are assessed using so-called indirect measu-
res. For instance, implicit associations between concepts in memory are often assessed 
in paper-and-pencil tasks, where individuals are prompted to give their first association 
with ambiguous words (e.g., draft, which can be related to a manuscript or to beer) or in 
reaction time tasks such as varieties of the Implicit Association Task (IAT), where the rela-
tive strength between concepts in memory is thought to be reflected in reaction times 
(e.g., alcohol and positive vs. alcohol and negative). Attentional and approach biases can 
also be measured using reaction time paradigms in which the relative speed of respon-
ding to alcohol vs. neutral cues is measured. 
  The use of indirect measures, in addition to more direct measures, such as tra-
ditional surveys assessing expectancies from alcohol use, has several advantages. For 
instance, indirect measures tap processes that are less easily available to introspection 
than direct measures. Scholars have indicated that expectancies differ from associations 
in memory in several ways. For instance, brain networks that are associated with either 
process do not necessarily overlap to a large extent (e.g., Yin & Knowlton, 2006; Yin, 
Knowlton, & Balleine, 2006). In addition, associations develop slowly, whereas expectan-
cies can be formed or changed based on a single occasion (Smith & DeCoster, 2000). 
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Expectancies are also related to a true or false statement, whereas associations are not 
(Gawronski & Bodenhausen, 2006). Furthermore, associations are bidirectional, while 
expectancies rely more on “if…then” relations (Wiers & Stacy, 2010). Although expectan-
cies sometimes rely on a single association (e.g. drinking alcohol and fun), this is not 
always the case, as for instance in expectancies related to negative reinforcement (Wiers, 
2008). Whereas direct measures require conscious introspection, indirect measures 
tap into associations that influence behavior relatively automatically or unconsciously. 
Explicit and implicit cognitions have been found to predict a unique part of the variance 
in alcohol use (meta-analysis: Rooke et al., 2008). 
  Empirical studies examining the relation between impulsive alcohol-related 
processes and alcohol use in adolescence are scarce. Regarding young adolescents, 
approach biases have been shown in drinkers compared to abstainers, especially in ado-
lescents who were less able to inhibit behaviour (N=374; Peeters et al., 2012). In addition, 
approach bias predicted drinking when inhibition was low over a period of six months 
(Peeters et al., 2013). Yet, the two studies by Peeters and colleagues (2012, 2013) inves-
tigated adolescents with externalizing problems enrolled in special education. These 
adolescents are thought to have a higher chance of an early onset of alcohol use or 
alcohol problems in the first place. Using a normative sample, Willem and colleagues 
(2013) demonstrated that approach bias was related to alcohol use in older male ado-
lescents (N=94), with no significant moderation by inhibitory control. Attentional bias 
was associated with alcohol use, but only in those with low attentional control. Further, 
in a study among 100 12 and 15 year olds, it was found that boys with stronger implicit 
positive associations with alcohol had higher levels of binge drinking (more than 5 glas-
ses per occasion) one year later than those without these positive associations (Thush & 
Wiers, 2007a). In addition, Thush and colleagues (2007b) showed that in a sample of at-
risk adolescents, implicit cognitions predicted prospective drinking, over and above the 
effect of explicit cognitions. Measures of implicit alcohol-related memory associations 
were shown to be the best predictor of prospective drinking (Thush et al., 2007b). Van der 
Vorst and colleagues recently showed that implicit alcohol-related memory associated 
predicted alcohol use one year later in 608 children who never drunk at baseline (Van 
der Vorst et al., 2013). In addition, Pieters, Van der Vorst, Engels, and Wiers (2010), using 
an IAT, found that children (N=134) associated alcohol more strongly with negative, com-
pared to positive faces. It is important to note that some studies fail to find the proposed 
relation between impulsive reactions (approach bias) and alcohol use (Van Hemel-Ruiter, 
De Jong, & Wiers, 2011). Studies in adolescents have also shown that when executive 
control is low, alcohol-related automatic processes drive behavior, while when executive 
control is high, the reflective system overrides (e.g., Grenard et al., 2008; Thush et al., 
2008). 
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  To date, research on the dual process model in adolescents has mostly focused 
on concurrent data, used short-term follow-up assessments, or had small and selective 
samples (e.g., Grenard et al. 2008; Thush et al 2008). In addition, most previous research 
has examined relations between impulsive or reflective processes and alcohol use while 
there is some evidence suggesting that impulsive and reflective processes contribute 
to the prediction of adolescent alcohol use (e.g., Grenard et al., 2008; Peeters et al., 
2012, 2013; Thush et al., 2008). Thus, the main aim of the current longitudinal study is to 
examine conditional effects of alcohol-related impulsive processes (e.g., alcohol-related 
memory associations, attentional bias and approach bias), reflective processes (i.e., posi-
tive and negative expectancies from alcohol use), and working memory capacity (as a 
measure of executive functions) on changes in alcohol use in adolescents who drank 
alcohol on at least one occasion. Working Memory Capacity (WMC) was used as an indi-
cator of executive functions, since it has been used in previous research studying the dual 
process model in adolescents. While there is some debate as to the number and types of 
executive functions (e.g., Barkley, 2012; Hofmann, Schmeichel, & Baddeley, 2012; Miyake 
et al., 2000), the three functions that are mentioned most often are response inhibition, 
working memory (WM) and task shifting (e.g., Hofmann et al., 2012; Miyake et al., 2000). 
Since there is some overlap between these functions, this phenomenon is called the 
‘unity and diversity of executive functions’ (Miyake et al., 2000). We expected that both 
alcohol-related impulsive processes and positive expectancies would be positively related 
to alcohol use. WMC and negative expectancies were expected to predict less alcohol 
use. In addition, it was hypothesized that, when WMC is low, alcohol-related impulsive 
processes predict alcohol use, while when WMC is high, expectancies would predict 
alcohol use over time. 
Material and Methods
Participants
The sample consisted of 427 adolescents (47.7% male) between 12 and 16 years of age 
(M = 13.96, SD = .78) who reported drinking alcohol at least once. Roughly equal num-
bers of participants attended college-preparatory (32.7%), intermediate or basic education 
(28.2%), and vocational education (28.9%) classrooms. A total of 10.1% did not provide 
information on educational track, which mainly consisted of first graders who had not 
yet made a choice. 
Procedure
Data were derived from the first two waves of a larger longitudinal project assessing risk 
factors related to adolescent alcohol use (see also Pieters, et al., 2011; Pieters, Burk, Van der 
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Vorst, Wiers, & Engels, 2012; Pieters, Van der Vorst, Burk, Wiers, & Engels, 2010; Pieters et 
al., 2012). Initially, 1215 adolescents attending five schools and their parents were contacted 
by mail. A total of 725 adolescents (60%) returned consent forms signed by themselves 
and one of their parents or caregivers, and 556 (77%) participated in at least one of the 
annual assessments. Of the 556 participants, 129 reported never drinking alcohol, leaving a 
sample of 427 adolescents who reported drinking alcohol at least once. Participants perfor-
med several tasks on a computer, including a Visual Probe (VP) Test, a Stimulus Response 
Compatibility (SRC) Task, an Implicit Association Test (IAT), and a Self-Ordered Pointing Task 
(SOPT). The following day, adolescents completed an extensive questionnaire assessing 
alcohol use and expectancies from alcohol use. Both sessions lasted about an hour and a 
trained research assistant was available in both sessions to ensure that adolescents com-
pleted the sessions individually. In addition, the trained research assistant guaranteed con-
fidential handling of the information provided by the adolescents. This study was approved 
by the review board of the Medical Ethical Committee in The Netherlands.
Measures
•  Alcohol use. Adolescents completed four items describing the intensity of alcohol 
use during weekdays, on the weekend, at home and outside home (Engels, Knibbe, & 
Drop, 1999). Items were summed to create a measure of weekly alcohol consump-
tion. Alcohol consumption was measured during both annual waves of the study.
•  Approach tendencies. A Stimulus Response Compatibility (SRC) Task (Field, Kiernan, 
Eastwood, & Child, 2008) was used to assess alcohol-related approach tendencies. 
In this task, an alcohol-related picture or a soft-drink-related picture were presented 
on the screen in a randomized order. A manikin was placed either above or below 
the picture. Participants were asked to simulate an approach or an avoid movement 
if the picture was alcohol-related by pressing the arrow pointing up- or downward 
dependent on the orientation of the manikin. The order of blocks was counterbalan-
ced across subjects, meaning that some participants were first instructed to approach 
alcohol-related pictures and to avoid alcohol-related pictures in the subsequent block. 
Each of the two blocks consisted of 40 trials. A SRC score was calculated by subtrac-
ting the mean reaction times (correct trials) when approaching alcohol (and avoiding 
soda) from mean reaction times when avoiding alcohol (and approaching soda) and 
a positive score indicated faster responses when instructed to approach alcohol. On 
average, participants made 7.58 errors on this task (SD = 7.51). Scores from partici-
pants with more than 33.33% errors in this task were omitted from the analyses. This 
resulted in 10 omissions for the SRC. Furthermore, Z-scores were computed and sco-
res more than 3SD lower or higher than the mean were adjusted to the next lowest or 
highest value.
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•  Attentional bias. A Visual Probe (VP) Test was used to assess attentional bias towards 
alcohol-related cues. In this task an alcohol-related and a soft-drink-related pic-
ture appear simultaneously on a computer screen. After 1500ms., a black screen 
was shown followed by an arrow pointing upward or downward in the location of 
either the alcohol or soft-drink-related picture. The arrow remained visible until the 
participant responded to it by pressing the corresponding arrow on the keyboard. 
Attentional bias is inferred if reaction times to arrows replacing alcohol pictures were 
faster compared to soft-drink pictures. For this study, we subtracted mean reaction 
times to arrows replacing alcohol-related pictures from mean reaction times to 
arrows replacing soft-drink-related pictures. A positive score indicated a relative atten-
tional bias towards alcohol-related photos. On average, adolescents made 7.49 errors 
on the task (SD = 9.84). Scores from participants with more than 33.33% errors in this 
task were omitted from the dataset. This resulted in an 18 omissions for the VP Test. 
Furthermore, Z-scores were computed and scores more than 3SD lower or higher 
than the mean were adjusted to the next lowest or highest value.
•  Memory associations. An Implicit Association Test (IAT) and Word Association Test 
(WAT) were used to assess memory associations. The unipolar IAT was used to assess 
the strength of associations between ‘alcohol’ and ‘positive arousal’ in memory (see 
Thush et al., 2007). In this task, participants were instructed to categorize pictures and 
words as quickly as possible in one of four categories displayed in the upper corners 
of a computer screen by pressing the ‘E’ or ‘I’ button on a keyboard. In the incompati-
ble block, category labels of ‘alcohol’ and ‘neutral’ were placed in one upper corner of 
the screen, while category labels of ‘unrelated to alcohol’ and ‘positive arousal’ were 
placed in the other upper corner of the screen. In the compatible block, the pairings 
were changed so that ‘alcohol’ and ‘positive arousal’ shared one upper corner, and 
‘unrelated to alcohol’ and ‘neutral’ shared another. The order of the compatible and 
incompatible blocks was counterbalanced across participants. A D2SD penalty score 
was calculated by subtracting mean reaction times in the compatible block from 
mean reaction times in the incompatible block, meaning that positive scores reflected 
relatively faster responses in the compatible block. Positive scores were assumed to 
reflect a relatively better association between ‘alcohol’ and ‘positive arousal’ com-
pared to ‘alcohol’ and ‘neutral’ concepts in memory. On average, participants made 
20.2% errors (SD = 11.35). Scores from participants with more than 33.33% errors in 
this task were omitted from the dataset. This resulted in an omission of 45 partici-
pants’ scores on the IAT. Furthermore, Z-scores were computed and scores more 
than 3SD lower or higher than the mean were adjusted to the next lowest or highest 
value.
  In the WAT, participants were asked to write down the first word that came into 
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mind upon reading written verbal cues. Cues consisted of 24 Dutch homographs, of 
which 6 were related to alcohol. The amount of alcohol-related answers that were 
given was used as an outcome measure on this task of associative memory (e.g., 
Stacy, 1995).
•  Working Memory Capacity (WMC). A computerized version of the Self-Ordered 
Pointing Task (SOPT) was used to assess working memory capacity (WMC). This task 
was based on the original SOPT (Petrides & Milner, 1982). Participants were instructed 
to select a picture from a matrix of pictures in each trial. In the next trials, participants 
had to repeatedly select another picture, in another location. The arrangement of the 
pictures was changed in every trial. Four versions of the task were utilized: 9 concrete 
pictures (people performing various sports), 9 abstract pictures (greyscale images), 
12 concrete pictures (pictures of farm animals) and 12 abstract pictures (greyscale 
images). In the case of 9 pictures, there were 9 trials. For each version, we calculated 
the percentage of correct trial, and we averaged these percentages over the 4 versi-
ons. Higher scores indicated better WMC. The psychometric properties of the SOPT 
are sufficient (Ross, Hanouskova, Giarla, Calhoun, & Tucker, 2007) and the task is easy 
to administer in adolescents. In the current sample, the internal consistency of the 4 
versions was good (Cronbach’s alpha = .87). The SOPT has been used in previous stu-
dies testing hypotheses regarding the dual process model (e.g. Grenard et al., 2008; 
Thush et al., 2008). Participants on average responded correctly in 77.20% of the trials 
(SD = 20.31). We adjusted the scores (% correct) of adolescents with scores lower 
than 3SDs below the mean to the next available lowest value. They were considered 
to have not taken the task seriously, or to have an extremely insufficient WMC.
•  Alcohol expectancies. In a paper-and-pencil task, 12 statements were reported regar-
ding the expected consequences (6 items for positive and 6 for negative expectan-
cies) of alcohol use. All statements started by: “Drinking alcohol makes me… follo-
wed by a word indicating either a positive or negative consequence. For instance, 
“Drinking alcohol makes me happy” (i.e., cosy, comfortable, friendly, social, sympa-
thetically, sad, moody, depressed, lonely, unhappy, down). Answers were given on a 
10-point scale ranging from (1) not at all to (10) very much. The internal consistency of 
the scales was good (Cronbach’s alpha was .95 for positive and .94 for negative). 
Results
Descriptives and Correlations
Pearson correlations among all study variables are presented in Table 1. Gender was 
negatively correlated with negative expectancies, with males reporting more negative 
expectancies than females. Age was positively associated with wave 1 alcohol use and 
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positive expectancies, with older adolescents reporting more drinking and more positive 
expectancies than younger adolescents. Education level was negatively associated with 
alcohol use at waves 1 and 2, with students in vocational classrooms reporting more 
alcohol use than those in university-preparatory classrooms. Alcohol use at wave 1 was 
negatively correlated with IAT scores, suggesting the more adolescents associate alcohol 
with arousal, the less they drink. Alcohol use at waves 1 and 2 were positively associated 
with alcohol-related memory associations and positive expectancies, with more alco-
hol-related memory associations and positive expectancies being associated with more 
concurrent and subsequent alcohol use. Positive expectancies were also positively asso-
ciated with alcohol-related memory associations and negative expectancies. All other 
correlations were not statistically significant, including the associations between the four 
measures of impulsive processes. 
Predicting Alcohol Use from Alcohol-Related Impulsive 
Processes and Working Memory Capacity
Three multiple linear regression analyses were performed to identify predictors of chan-
ges in alcohol use from wave 1 to wave 2. In the first model, gender, age, educational 
level, the four impulsive processes (approach tendencies, attentional bias, and memory 
associations from the WAT and IAT), alcohol use at wave 1, WMC and four interactions 
between alcohol-related impulsive processes and WMC were entered as predictors (see 
Table 2). Changes in alcohol use were used as a dependent variable in this analysis. 
Overall, the model explained 17% (p < .001) of the variance of alcohol use at wave 2. In 
this model, the only statistically significant predictor of alcohol use in wave 2 was alcohol 
use in wave 1. All main effects of WMC and the impulsive measures, as well as all four 
interaction terms were not statistically significant.
Predicting Alcohol Use from Alcohol-Related Impulsive 
Processes, Working Memory Capacity, and Positive Expectancies 
The second model included the same predictors as model 1, as well as the main effect of 
positive expectancies, the two-way interaction between positive expectancies and WMC, 
the two-way interactions between positive expectancies and the four impulsive measu-
res, and the three-way interactions between positive expectancies, WMC, and alcohol-
related impulsive processes. Changes in alcohol use were used as a dependent variable 
in this analysis. This model explained 26% (p < .001) of the variance of alcohol use in 
wave 2. Alcohol use in wave 1 and positive expectancies predicted alcohol use in wave 
2. The main effect of positive expectancies was qualified by an interaction with alcohol-
arousal associations. In order to interpret this interaction simple slopes were calculated 
for individuals with low (> - 1 SD), medium (between -1 and 1 SD), and high (> 1 SD) values 
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of positive expectancies (see Aiken & West, 1991). The results of these post-hoc analyses 
are presented in Figure 1. Specifically, IAT scores were negatively associated with chan-
ges in alcohol use for adolescents with low levels of positive expectancies (b = -.239, 
se = .122, p = .050). The association between IAT scores and changes in alcohol use 
were not associated for adolescents with average and high levels of positive expectancies 
(b = -.041, se = .084, p = .626; and b = .157, se = .137, p = .253, respectively). All other 
main and interaction effects were not statistically significant.
Predicting Alcohol Use from Alcohol-Related Impulsive 
Processes, Working Memory Capacity, and Negative 
Expectancies
The third model also included the same predictors as model 2, but substituted the main 
and interaction effects involving positive expectancies with effects involving negative 
expectancies (R2 = .24, p < .001). Here too, changes in alcohol use was the dependent 
variable in this analysis. Aside from the main effect of alcohol use in wave 1, only one 
effect emerged as a statistically significant predictor: the two-way interaction between 
approach tendencies (SRC) and negative expectancies. Simple slopes were also calcula-
ted to interpret this interaction. Figure 2 presents the results of the association between 
approach tendencies and changes in alcohol use for high, medium, and low levels of 
negative expectancies. Specifically, SRC scores were positively associated with changes 
in alcohol use for adolescents with low levels of negative expectancies (b = .457, se = 
.186, p = .014). The association between SRC scores and changes in alcohol use were 
not associated for adolescents with average and high levels of negative expectancies 
(b = .186, se = .110, p = .091; and b = -.085, se = .121, p = .483, respectively). All other 
main and interaction effects were not statistically significant.
Discussion
This study aimed to predict adolescent alcohol use by implicit cognitions (approach ten-
dencies, attentional bias and memory associations), explicit cognitions (expectancies) 
and WMC. It was hypothesized that implicit cognitions and positive expectancies would 
predict an increase in alcohol use, adjusting for age, gender and previous alcohol use. 
Negative expectancies and WMC would predict a decrease in alcohol use. 
  As expected from earlier studies, positive expectancies predicted alcohol use over 
time (e.g., Chen, Grube, & Madden, 1994; Fromme & D’Amico, 2000). Negative expec-
tancies did not predict changes in alcohol use. We found a similar result in a previous 
study of 10 year old children, where positive expectancies predicted alcohol use, while 
negative expectancies and implicit associations did not (Pieters et al., 2010). These fin-
dings also agree with other studies showing that positive expectancies are better pre-
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dictors of increases in alcohol use of adolescents (e.g., Cable & Sacker, 2008; Gerrard, 
Gibbons, Benthin, & Hessling, 1996) and young adults (Larsen, Engels, Wiers, Granic, 
& Spijkerman, 2012) than implicit cognitions. This is also in line with previous research 
suggesting that negative expectancies start to predict alcohol use when alcohol use 
becomes more common practice when negative effects of alcohol have been encoun-
tered before. 
  Implicit cognitions, and interactions between implicit cognitions and WMC or 
explicit cognitions, did not consequently predict changes in alcohol use. The interaction 
effect between the IAT and positive expectancies showed that only in adolescents with 
low positive expectancies, higher IAT scores were related to less alcohol use. In addition, 
the interaction effect between the SRC and negative expectancies demonstrated that 
only in adolescents with low negative expectancies, higher SRC scores were related to 
more alcohol use.
  It was expected that alcohol-arousal associations would be related to alcohol 
use (Thush & Wiers, 2007). This study showed that male adolescents who drank alcohol 
associated alcohol more strongly with arousal than male adolescents who did not drink 
alcohol. These boys were young adolescents as well, quite similar to the age as the ado-
lescents in the current study. Yet, the sample of adolescents from the Thush and Wiers 
(2007) study reported heavier drinking patterns than our sample, which could explain the 
absence of an effect. Related to this issue, it was shown that heavy drinkers had an atten-
tional bias towards alcohol use compared to adolescents who consumed less alcohol 
(Field, Christiansen, Cole, & Goudie, 2007). In addition, a recent study reported by our lab 
showed that attentional bias was related to alcohol use only in carriers of the mu-opioid 
receptor gene (OPRM1) G-allele (Pieters et al., 2011). In a study in young adult males who 
drank heavily, it was also shown that only OPRM1 G-allele carriers had an approach bias 
towards alcohol (Wiers, Rinck, Dictus, & Van den Wildenberg, 2011). From the above, 
we conclude that the nonsignificant findings from our study could be explained by the 
fact that the adolescents in our sample did not have enough experiences with alcohol 
use. Alternatively, the effects of implicit cognitions might be limited to adolescents with 
certain genotypes (e.g., Pieters et al., 2011), or those with specific environmental risk fac-
tors. Based on previous studies (e.g., Thush et al., 2008; Grenard et al., 2008) we also 
expected that implicit cognitions would be more robustly related to alcohol use in ado-
lescents with relatively poor WMC. Our findings were not in line with these studies (see 
also Pieters et al., 2012) and therefore fail to support the dual process model of addiction. 
  Based on our findings, we argue that the dual process model of addiction may not 
be applicable to alcohol use in normative early adolescents. That is, the model, especially 
the impulsive route to alcohol use, does not seem to predict emerging alcohol use in 
these adolescents. There is empirical evidence for the validity of the model in predicting 
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heavier alcohol use in adolescents, or alcohol abuse and dependence in adults. Yet, 
these observations do not seem to generalize to normative sample of early adolescents. 
Furthermore, we speculate that alcohol-induced sensitization of dopamine pathways in 
the brain may require more intense and frequent use. Initial and irregular alcohol use, 
which is so characteristic of early adolescents, may not be enough to incite sensitization. 
  Although this is the first longitudinal study to investigate elements of the dual pro-
cess model and alcohol use in a normative sample of adolescents, it has various limita-
tions. First, implicit cognitions, explicit cognitions and WMC were assessed only once. 
As such, we were not able to examine the effect of alcohol use on subsequent implicit 
cognitions, explicit cognitions and WMC. It could be that implicit cognitions do not pre-
dict increases in alcohol use yet in young adolescents, but that alcohol use does predict 
alterations in implicit cognitions. Nevertheless, this is beyond the scope of the current 
research aims. Second, our sample consisted of relatively normative adolescents, while 
other studies that do find associations between implicit cognitions and alcohol study less 
normative adolescents, e.g., from continuation high schools. At the same time, our study 
provides meaningful data in normative adolescents in a relatively large sample. Third, the 
interval between our assessments was relatively short (i.e., less than one year). Fourth, 
we used several indirect measures to measure implicit cognitions, but alternatives could 
be used in future research. In sum, future studies are warranted that employ longitudinal 
designs, on at-risk and normative samples to test the validity of parts of the dual pro-
cess model in predicting more advanced stages of alcohol use in adolescents and young 
adults.
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Table 1
Descriptives and Correlations between Study Variables
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Table 2
Results
Note. Gender is coded as 0=male and 1=female. SRC is Stimulus Response Compatibility 
Task. VP is Visual Probe Test. IAT is Implicit Association Test. WAT is Word Association Task. 
PE is positive expectances. NE is negative expectancies. WMC is Working Memory Capacity. 
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Figure 1
The Moderating Effect of Positive Expectancies on the Relationship between Memory 
Associations and Alcohol Use
Note. IAT is Implicit Association Test.
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Figure 2
The Moderating Effect of Negative Expectancies on the Relationship between Approach 
Tendencies and Alcohol Use
Note. SRC is Stimulus Response Compatibility Task. 
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Chapter 5
The Effect of the 
OPRM1 and DRD4 
Polymorphisms 
on the Relation 
between 
Attentional Bias  
and Alcohol Use 
Published as:
Pieters, S., Van der Vorst, H., Burk, W. J., Schoenmakers, T. M., Van den Wildenberg, 
E., Smeets, H. J., Lambrichs, E.H., Field, M., Engels, R.C.M.E., & Wiers, R. W. (2011). The 
effect of the OPRM1 and DRD4 polymorphisms on the relation between attentional 
bias and alcohol use in adolescence and young adulthood. Developmental Cognitive 
Neuroscience, 1, 591-599.
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Abstract
The incentive sensitization theory posits that in the transition from sporadic to proble-
matic alcohol use, the incentive value of alcohol increases (wanting) while its hedonic 
effects (liking) do not change or decrease. The effect of the OPRM1 c.118A>G polymor-
phism, associated with liking and wanting, and the DRD4-VNTR polymorphism, related 
to wanting, on the relation between attentional bias and alcohol use was investigated. A 
total of 195 young adolescents (Study 1) and 86 young adult male heavy drinkers (Study 
2) completed a Visual Probe (VP) Test. Saliva samples were collected to test both poly-
morphisms. In Study 1, attentional bias was positively associated with adolescent alcohol 
use only for OPRM1 G-allele carriers. In study 2, attentional bias was positively associated 
with problem drinking for carriers of a DRD4 long allele. It is tentatively proposed that an 
attentional bias for alcohol is related most strongly to liking and wanting in early adoles-
cents, while in young adults, an attentional bias may reflect wanting. In addition, indivi-
dual differences associated with two genetic markers should be taken into account when 
examining the relation between attentional bias and alcohol use.
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Introduction
In general, people tend to pursue rewards that produce a considerable amount of sub-
jective pleasure. Yet in the case of drug addiction the transition from incidental to com-
pulsive use can be accompanied by decrease in enjoyment of the substance, while con-
sumption is undyingly continued. It appears that in the course of the development of 
addiction, the motivation to obtain drugs (“wanting”) prevails over the decreased subjec-
tive pleasure (“liking”) that is generated from its repeated use (Robinson & Berridge, 1993, 
2003). Support for the notion that “liking” and “wanting” are psychologically dissociable 
reward components stems primarily from animal studies, but some attempts have been 
made to dissociate wanting from liking in humans, using self-report (Hobbs, Remington, & 
Glautier, 2005), reaction time measures of associations (Thush & Wiers, 2007; Wiers, Van 
Woerden, Smulders, & De Jong, 2002), and measures of attentional bias (Field, Munafo, 
& Franken, 2009), including eye movements (Schoenmakers, Wiers, & Field, 2008) and 
brain responses (Luijten et al., 2010). For example, Hobbs and colleagues (2005) found 
that adding a bad taste (Tween) reduces consumption of fruit juice in both light and 
heavy drinkers. However, it did not decrease beer consumption in heavy drinkers, which 
was the case for light drinkers. In addition to drinking behavior, indirect measures have 
been used to assess potential markers of an incentive salient reaction to alcohol cues 
in humans. An incentive salient reaction has been related to arousal, to a tendency to 
approach, and to an attentional bias for cues signaling alcohol (Robinson & Berridge, 
1993, 2003). Indeed, heavy drinkers showed stronger automatic associations between 
alcohol and arousal than light drinkers (Wiers et al., 2002), and alcohol-arousal associati-
ons in early adolescent boys who had just started to drink predicted escalation of drinking 
a year later (Thush & Wiers, 2007). Recent studies have also demonstrated an approach 
bias for alcohol in heavy but not in light drinkers (Field, Kiernan, Eastwood, & Child, 2008; 
Wiers, Rinck, Dictus, & Van den Wildenberg, 2009). Many studies have demonstrated an 
attentional bias for alcohol in heavy drinkers (Field et al., 2009), including eye movements 
(Schoenmakers et al., 2008) and brain responses (Luijten et al., 2010). Note that these 
findings are in line with incentive sensitization theory, but are no direct proof and some 
controversy remains (Bradberry, 2008; Leyton, 2007; Robinson & Berridge,  2008).
  Animal research has suggested that different neural substrates are involved in 
“liking” and “wanting”. Whereas “liking” is related to opioid forebrain systems, endocan-
nabinoid and GABA-benzodiazepine neurotransmitter systems (Berridge, 1996; Berridge, 
Robinson, & Aldridge, 2009; Nesse & Berridge, 1997; Robinson & Berridge, 2003), “wan-
ting” has been related to dopamine (DA) projections from the ventral tegmental area 
(VTA) to the nucleus accumbens (NAc), cortical areas and the amygdala (e.g., Le Foll, 
Gallo, Le Strat, Lu, & Gorwood, 2009; Breiter et al., 1997). Although the mesocorticolim-
bic DA system is activated by numerous natural incentives, such as food or sex, drugs 
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also have the unique ability to render this system enduringly hyper responsive, a process 
entitled sensitization. The incentive sensitization theory (IST) posits that the DA circuit that 
is targeted by drugs mediates the attribution of incentive salience to drug-related stimuli 
and actions. As a result, representations of these cues become increasingly “wanted” and 
engage attentional resources (Robinson & Berridge, 1993, 2003). 
  The neuro-adaptations related to emerging alcohol or drug use should be viewed 
from the more general perspective of adolescent brain development, as most alcohol 
and drug use starts during adolescence, a period in which emotional-motivational brain 
systems rapidly develop. The normal (not drug-related) brain changes in adolescence are 
directly related to the hormonal changes in this period (Forbes & Dahl, 2010) and coin-
cide with the peak in sensation seeking during adolescence (Steinberg et al., 2008). This 
developmental perspective is useful to distinguish these two often confounded systems 
which both contribute to risk behaviors (Steinberg, 2010), including substance use (Casey 
& Jones, 2010; Wiers, Ames, Hofmann, Krank, & Stacy, 2010): a social-emotional or asso-
ciative impulsive system and a cognitive control or reflective system. In adolescence, a 
rapid increase in dopaminergic activity takes place within the socio-emotional system, 
which is assumed to lead to increases in reward seeking. Whereas during the course of 
adolescence, the cognitive control system gradually matures resulting in more advanced 
self-regulation and impulse control (Steinberg, 2010). Thus, the quick rise in sensation 
seeking in puberty will make alcohol and drug use more attractive, while the relatively 
underdeveloped reflective processes will have difficulty in controlling the resulting appe-
titive impulse, especially when there is social pressure (Casey & Jones, 2010; Steinberg, 
2010; Wiers et al., 2007). As a result of the substance-induced neuro-adaptations, con-
tinued substance use will increase the appetitive drive and is likely to further delay the 
development of self-control. 
  An attentional bias for drugs, the observation that drug cues relatively automatical-
ly or reflexively capture attentional processes at the expense of other stimuli in the envi-
ronment, is thought to play a role in the etiology and maintenance of addiction (e.g., Field 
& Cox, 2008). The exact mechanism behind the relation between cognitive biases and 
prolonged drug use remains unclear: while some scholars argue for a subsequent neural 
transfer, from ventral to dorsal striatal structures, associated with habit formation (Everitt 
& Robbins, 2005) others stress that, although the rituals accompanying drug taking can 
be automatized, the key element of compulsive drug use is still motivational instead of 
habitual (Robinson & Berridge, 2003). Nevertheless, most theorists agree on the fact that 
with repeated drug use, drug cues not only acquire perceptual salience, but also motiva-
tional salience, fueling further drug use. 
  The main aim of our study was to examine individual differences in the relation-
ship between attentional bias and alcohol use. The focus is on alcohol, as one of the 
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most commonly used drugs of abuse worldwide with an age of onset typically occurring 
in adolescence (Grant & Dawson, 1997; Van der Vorst, Vermulst, Meeus, Dekovi, & Engels, 
2009). Studies have indicated an attentional bias in alcohol dependent inpatients (Stetter, 
Ackermann, Bizer, Straube, & Mann, 2006), non-treatment seeking heavy drinking adults 
(Townshend & Duka, 2001) and adolescents (Field, Christiansen, Cole, & Goudie, 2006). 
To our knowledge, no studies have yet examined whether a genetic predisposition may 
identify individuals who are susceptible to the motivational properties of drug cues. 
  We examined the moderating role of two genetic markers: the c.118A>G single 
nucleotide polymorphism of the μ-opioid receptor gene (OPRM1) and the DA D4 recep-
tor gene (DRD4). The OPRM1 polymorphism has been linked to increases in affective 
reactions following alcohol consumption (Ray & Hutchison, 2004). Opioid activity has 
also been implicated in appetitive motivational processes, such as cue-induced alcohol 
craving (Van Den Wildenberg, Wiers et al., 2007), approach biases (Wiers, Rinck, Dictus, 
& Van den Wildenberg, 2009) and a stronger haemodynamic signal in mesocorticolim-
bic areas in response to a prime dose of alcohol (Filbey et al., 2008). The opioid system 
moderates the mesolimbic dopaminergic function, which is probably related to the fact 
that under normal circumstances, and in beginning alcohol and drug use “liking” and 
“wanting” go hand in hand (Berridge et al., 2009). However, in problematic alcohol and 
drug use, “liking” and “wanting” can dissociate, which could be related to individual dif-
ferences in the other genetic marker we investigated: the DRD4 polymorphism. Carriers 
of the DRD4 long allele demonstrate higher levels of subjective craving after having a few 
alcoholic drinks (Hutchison, McGeary, Smolen, Bryan, & Swift, 2002), but the DRD4 gene 
does not seem to be associated with “liking” processes (Hutchison et al., 2002). These 
findings are in line with research showing that DA agonists only influence “wanting” pro-
cesses, while “liking” processes are left unaffected (Hutchison et al., 2001). 
  In the current study, we investigated the moderating effect of OPRM1 and DRD4 on 
the association between attentional bias and alcohol use in two independent samples who 
differed in their alcohol involvement. In the first sample of young adolescents, a positive 
relation between attentional bias and alcohol use was anticipated in risk-allele carriers of 
the OPRM1 G-allele, since in this stage of drinking, both “liking” and “wanting” processes 
play a role in the development of alcohol use. To the extent that the DRD4 polymorphism 
is more specifically related to “wanting”, we hypothesized that DRD4 would interact with 
attentional bias in explaining alcohol use, in the second sample of young adult heavy drin-
kers, since “wanting” should have become more relevant in the escalation of alcohol use 
to abuse. Hence, even though the studies are cross-sectional, the two samples differ in 
their alcohol involvement: young adolescent beginning drinkers where liking and wanting 
should still be strongly related, and young adult heavy drinkers, who begin to experience 
problems with drinking, which could indicate “wanting” despite adverse consequences.
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Study 1
Method
Participants and Procedure
The sample included 195 adolescents (56% female) between 12 and 16 years of age 
(M = 13.69, SD = .89). Almost all participants (94.1%) lived in households with both parents 
being Caucasian, the remainder had at least one non-Caucasian parent. Participants were 
in first, second and third grade of Dutch high schools. Roughly 42% were in college-pre-
paratory education, 33% were in intermediate education, 4% were in vocational training, 
and 21% had not yet decided (adolescents in the Netherlands are allowed to choose an 
ultimate educational track in the first or second grade).
  The sample was drawn from a larger longitudinal project examining risk factors 
associated with adolescent alcohol use (see Pieters, Van der Vorst, Engels, & Wiers, 2010). 
A total of 1215 adolescents attending four schools were contacted for participation. Of 
these, 725 agreed to participate by returning a consent form signed by their parents 
and themselves. Approximately 50% of these parents (n = 378) also provided additional 
consent for the donation of a saliva sample from their offspring for analysis of genetic 
polymorphisms.  Data collection was completed at school during 1 h sessions on two 
separate days. On the first day, students individually completed computer tasks asses-
sing cognitive risk factors under supervision of trained research assistants, and for stu-
dents whose parents provided additional consent, saliva samples were collected. On the 
second day, questionnaires were administered to students by trained research assistants. 
For the current study, we targeted adolescents between 12 and 16 years of age (n = 
502), who also provided a saliva sample (n = 232). A total of 37 students were excluded 
because they did not complete the survey or computer task. This resulted in a total of 195 
participants. Independent sample t-tests indicated that the 195 participants reported less 
frequent alcohol use than the 270 non-participants without genetic data, t(463) = 2.38, p 
= .005, and lower quantity of alcohol use, t(463) = 2.43, p = .015. 
Measures
•  Frequency of alcohol use. Adolescents were asked about the average frequency of 
their alcohol consumption (Pieters et al., 2010). Answers were given on an 8-point 
scale scale: (1) “Never”, (2) “Once a year”, (3) “Once every 6 months”, (4) “Once every 3 
months”, (5) “Once a month”, (6) “Twice every month”, (7) “Once a week”, (8) “Multiple 
times a week.” The average frequency of alcohol use score was 2.34 (SD = 1.64).
•  Weekly alcohol use. In four items, adolescents disclosed the amount of glasses of 
alcohol that they had consumed in the week preceding the study, at home, outside 
85
home, on weekdays and in weekends (Engels, Knibbe, & Drop, 1999). Answers on 
items were summed up to form a measure of the intensity of alcohol use in the 
past week. Most participants reported not drinking any glasses of alcohol the previous 
week (M = .39, Mdn = 0, SD = 1.34). A logarithmic transformation was applied to this 
score, which reduced the degree of skewness and kurtosis in the distribution of this 
measure. We performed separate analyses using the raw and transformed measures. 
The pattern of statistically significant results was identical in both analyses, so we 
report the results using the raw scores for ease of interpretation purposes. The fre-
quency and quantity of alcohol use were moderately correlated (r = .49, p < .001).
•  Visual Probe (VP) Test. Participants completed the Visual Probe (VP) Test, in which 
they had to respond to a probe (arrow pointing up or down) that appeared on a com-
puter screen shortly after one alcohol and one soft drink picture were presented side 
by side for 1500 ms (one picture in each hemifield). The probe replaced an alcohol or 
a soft drink picture randomly over 112 trials and an index of attentional bias was cal-
culated by subtracting mean reaction times to probes replacing alcohol from those 
replacing soft drink pictures. Positive numbers reflected a relative attentional bias for 
alcohol: faster reaction times to probes replacing an alcohol picture compared to a 
soft drink picture. We calculated an estimate of internal consistency by calculating the 
bias score for each quarter of the trials, and estimate an internal consistency measure 
(Cronbach’s alpha). The internal consistency was low (α = .19), which is in line with 
other research using this measure (e.g., Schmukle, 2005).
•  Genotyping. For the determination of the OPRM1 A118G (rs 1799971) genotype we refer 
to previous work by Van den Wildenberg, Wiers and colleagues (2007). DRD4 VNTR 
alleles were amplified by PCR using the PCR enzyme kit Phusion High-Fidelity DNA 
polymerase (Finnzymes) with forward primer 5-TCTTCCTACCCTGCCCGCTCAT-‘3 
and reversed primer 5’-GCCTTGCGGAAGACGTTGCGGAACT-‘3. The reaction mix-
ture contained 0.5 mM of each primer, approximately 10-50 ng DNA, 200 mM dNTPs, 
5x Phusion GC buffer and 3% DMSO in a final volume of 25 μl. After an initial dena-
turation step at 94 °C for 3 min, PCR consisted of 30 cycles of 30 seconds at 94 °C, 
35 seconds at 60 °C, and 2 minutes at 72 °C.A final extension step of 5 minutes at 
72 °C was followed by cooling of the samples to room temperature. PCR products 
were separated on a 2% Agarose TAE gel at 100 V for 1.5 hours next to a O’rangeruler 
200 bp ladder mix and visualized using ethidium bromide.  The allele frequencies 
for the OPRM1 A118G (rs 1799971) genotype in this sample were in conformity with 
Hardy–Weinberg equilibrium expectations (p > .05). However, this was not the case 
for the DRD4 (p < .05). Therefore, we did not include the DRD4 in the analyses. A total 
of 151 participants had a “no risk” profile for OPRM1 (AA genotype), and 44 participants 
had a “risk” profile for the OPRM1 genotype (at least one G-allele)
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Results
Two hierarchical linear regressions were performed to examine whether links between 
attentional bias and alcohol use were limited to adolescents with the OPRM1 risk geno-
type. In both analyses age, gender, OPRM1 genotype, attentional bias, and the interaction 
between OPRM1 and attentional bias were entered as predictors. In the first analysis, 
frequency of alcohol use was the dependent variable; quantity of alcohol use was the 
dependent variable in the second analysis. Table 1 presents the results of the regression 
involving frequency of alcohol use. The predictors explained a total of 17% of the variance 
on alcohol use frequency, F(5,189) = 7.86, p < .001. The main effect of age emerged 
as statistically significant, with older students reporting more frequent alcohol use than 
younger participants. The main effect for OPRM1 genotype was significant, but was qua-
lified by an interaction with attentional bias. Fig. 1 presents the simple slopes describing 
this interaction. Specifically, attentional bias was positively associated with frequency of 
alcohol use for G-allele carriers (b = .99, se = .34, p = .004) and not significantly related 
to frequency of alcohol use for non G-allele carriers (b = −.04, se = .11, p = .71). So, atten-
tional bias predicted more frequent alcohol use only for those in the OPRM1 risk group. 
  Table 2 presents the results of the regression involving alcohol use quantity. The 
predictors explained a total of 15% of the variance on alcohol use quantity, F(5,189) = 
6.56, p < .001. The main effect of age emerged as statistically significant, with older stu-
dents reporting more intense alcohol use than younger participants. The main effect for 
OPRM1 genotype was significant, but was qualified by an interaction with attentional bias. 
Fig. 2 presents the simple slopes describing this interaction. Specifically, attentional bias 
was positively associated with quantity of alcohol use for G-allele carriers (b = .54, se = 
.18, p = .003) and not for non G-allele carriers (b = −.09, se = .08, p = .25). So, attentional 
bias also predicted more intense alcohol use only for those in the OPRM1 risk group.
  In sum, the findings show that only for the OPRM1 G-allele carriers, attentional 
bias predicted more frequent alcohol use and higher levels of alcohol use in adolescents, 
indicating that “liking” and “wanting” both play a role in the development of alcohol use. It 
is expected that in later stages of alcohol use “wanting” becomes more important in the 
motivation to drink than “liking” when use has progressed to problematic use. We, the-
refore, concentrated on indices of problems associated with alcohol use as dependent 
variable in Study 2. In this study, only male heavy drinkers were included for two reasons: 
first, heavy drinking is far more prevalent in male late adolescents and young adults, and 
second, some evidence points to a more pronounced role in the development of pro-
blem drinking in males (Barr et al., 2007).
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Study 2
Method
Participants and Procedure
Participants were 86 heavy drinking male undergraduate students ranging in age from 18 
to 26 years (M = 21.4, SD =2.15). Participants were recruited by emails, posters and flyers 
that were posted throughout the university campus. Screening (e.g., of alcohol use) took 
place during a telephone interview. The inclusion criteria were as follows: male gender, 
age range between 18 and 28 years; a minimum of 20 standard alcoholic consumptions 
per week (containing approximately 10 g of pure alcohol, in the Netherlands, which is 
less than in the US and more than in the UK); at least 1 binge episode (6 or more standard 
drinks) in the past 2 weeks; and the participant as well as his parents were required to 
be from Dutch origin to prevent population admixture. The exclusion criteria were as 
follows: dyslexia and color blindness (related to another study in which the participants 
took part). Participants gave informed consent when they arrived at the lab, after which 
they completed the attentional bias task on a computer in a cubicle and completed short 
surveys. These included alcohol and drug use (based on time-line follow back method, 
Sobell & Sobell, 1990; Wiers et al., 2007), the affect-grid to assess mood (Russell et al., 
1989), and craving for alcohol using a Visual Analogue Scale (Kozlowski et al., 1996; c.f. 
Schoenmakers et al., 2007). Before commencing the task, the experienced drinkers were 
given a small sip of beer, in order to prime alcohol-related attentional bias (Cox et al., 
2003; Duka and Townshend, 2004; Jones and Schulze, 2000). For a detailed description 
of the procedure we refer to prior publications on this study (Schoenmakers et al., 2007; 
Van den Wildenberg, Janssen et al., 2007; Van den Wildenberg, Wiers et al., 2007). A total 
of 109 students participated in the study. Of these, 22 participants were excluded due to 
missing genetic data and one participant was excluded because he did not complete the 
items describing alcohol use. In total, this resulted in 86 participants.
Measures
•  Problem drinking. Problem drinking was measured using items seven items from the 
Alcohol Use Disorders Identification Test (AUDIT; Saunders, Aasland, Babor, Da La Fuente, 
& Grant, 1993). The AUDIT is a screening instrument for alcohol use and problems, with 
the first three items assessing quantity and frequency of use, and items 4–10 assessing 
problems related to alcohol (ab)use. These latter items were used because they indicate 
drinking heavily drinking despite negative consequences. Response categories range 
from (never or not at all) to 4 (daily or almost daily). Reliability was sufficient (α = .73). The 
average number of problems identified by participants was 5.02 (SD = 3.11).
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•  Visual Probe (VP) Test. Data were used from the pre-test Visual Probe (VP) Test that is 
described in detail elsewhere (Schoenmakers, Wiers, Jones, Bruce, & Jansen, 2007). 
In short, the task description resembled the one described in Study 1, although the 
picture-pairs in Study 2 were presented for 500 instead of 1500 ms and in Study 2, 48 
trials were administered instead of 112. As in other studies (e.g., Schmukle, 2005), the 
internal consistency was low (α = .18).
•  Genotyping. OPRM1 and DRD4 were tested using the same method as in Study 1. A 
total of 49 participants had a “no risk” profile for both OPRM1 (c.118-AA genotype) and 
DRD4 (both alleles < 7 repeats) genotype, 13 participants had a “risk” profile only for 
the OPRM1 genotype (at least one G-allele), 20 participants had a “risk” profile only 
for the DRD4 genotype (> 6 repeats), and 4 participants had a “risk” profile on both 
genotypes (OPRM1 G-allele and > 6 repeats for DRD4). Due to the small size of this 
dual risk group, these individuals were excluded from the analyses resulting in n = 82. 
The allele frequencies for both the OPRM1 and the DRD4 were in conformity with 
Hardy–Weinberg equilibrium expectations (p > .05) in this sample (see also Van den 
Wildenberg, Janssen et al., 2007; Van den Wildenberg, Wiers et al., 2007).
Results
A hierarchical linear regression was performed to test whether the link between atten-
tional bias and problem drinking was moderated by DRD4 and OPRM1 risk genotypes. 
Main effects of age, OPRM1 genotype, DRD4 genotype, attentional bias (centered), and 
two interactions (OPRM1 × attentional bias and DRD4 × attentional bias) were included 
as predictors of problem drinking. The predictors explained a total of 15% of the variance 
on problem drinking, F(6,75) = 2.28, p = .045. The DRD4 by attentional bias interaction 
emerged as the only statistically significant predictor of problem drinking (see Table 3). 
Fig. 3 presents the simple slopes describing the association between attentional bias and 
alcohol problems calculated separately for participants with and without the DRD4 risk 
profile. Attentional bias was positively associated with problem drinking for those with 
the DRD4 risk profile (b = 1.41, se = .63, p = .028) and was unrelated to problem drinking 
for those with a non-risk DRD4 profile (b = −.24, se = .40, p = .552). So, attentional bias 
predicted more problem drinking only for those in the DRD4 risk group.  
General discussion
The main aim of this project was to explore the moderating role of the OPRM1 and DRD4 
polymorphisms on the association between attentional bias and alcohol consumption 
in two independent samples. The interaction between OPRM1 genotype and attentio-
nal bias on alcohol use in the early adolescent sample corresponds with the literature 
stating that in the initial phases of drug use, “liking” and “wanting” are both important 
89
predictors of drug use and are still closely linked (Robinson & Berridge, 1993). For both 
frequency and intensity of alcohol consumption, results indicated a positive relation 
between attentional bias and alcohol consumption only in G-allele carriers compared 
to subjects homozygous for the A allele. In the young adult sample of heavy drinkers, 
it was found that DRD4 moderated the relation between attentional bias and alcohol 
use. Only in the adults with 7+ repeats on the polymorphism, attentional bias positively 
predicted problematic alcohol consumption. This suggests that in adult heavy drinkers, 
individual differences related to “wanting” are more important concerning the relation 
between attentional bias and alcohol use than differences related to “liking”. The IST also 
points out that the development of addiction is associated with an increasing dissociation 
between “wanting” and “liking”, where the incentive properties of drugs gradually incre-
ase and incrementally dominate over the subjective pleasure generated by drugs, which 
steadily decreases (Robinson & Berridge, 1993). The present findings could be related to 
the previous research demonstrating that adult heavy drinkers do not decrease alcohol 
intake when liking is reduced, which does occur in light drinkers (Hobbs et al., 2005), 
and to research showing that attentional bias for alcohol increases in heavy drinkers after 
a prime dose of alcohol (Schoenmakers et al., 2008). Hence, these findings could indi-
cate that an attentional bias for alcohol is related primarily to “wanting” in young heavy 
drinkers (where “wanting” and “liking” start to dissociate), while in early adolescents who 
begin to drink, “wanting” and “liking” still go hand in hand.
  Although the findings are promising, the underlying mechanism is still unclear. 
Prior research has already examined direct effects of a genetic polymorphism on the 
processing of emotional stimuli (e.g., Beevers, Gibb, McGeary, & Miller, 2007; Luscher, 
Chandler, & Ball, 2009; Munafò, Johnstone, & Mackintosh, 2005; Wiers et al., 2009). In 
these studies, a relation can be suggested between the presence of a certain risk allele 
that codes for functional differences at a neural level that impinge attention. This reaso-
ning does not hold for the current study. The current study showed interactions between 
performance on the tasks and genetic polymorphisms on actual alcohol use. We thus 
demonstrated that the combination of having a certain genotype and an attentional bias 
for alcohol is relevant in explaining alcohol use. 
  Accordingly, this implies that a bias in the processing of alcohol cues is only par-
tially affected by ones genotype. Recent dual process models of addiction (e.g., Wiers 
et al., 2007) put forward that drug addiction is the result of an imbalance in the relation 
between automatic and controlled processes. Related to alcohol use, it is stated that 
relatively automatic processes (e.g., attentional bias) strengthen due to repeated alcohol 
use, resulting in higher levels of alcohol use. However, controlled processes, which are 
compromised by alcohol, could inhibit the effect of automatic processes. It has been 
demonstrated that the effect of automatic processes is larger in individuals with poor 
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working memory capacity (Thush et al., 2008). Regarding the current study, one could 
argue that the polymorphisms function as similar moderators. For instance, DRD4 risk 
alleles have been related to more risk taking and less behavioral inhibition (e.g., Congdon, 
Lesch, & Canli, 2010). This suggests that individuals without this risk are better at inhibiting 
automatic processes. Future research should examine how inhibitory processes are inter-
fering with the effects we found.
  Several caveats must be acknowledged. First, results are based on cross-sectional 
data of two independent samples, so no statements can be made regarding the causal 
order of the relation between attentional bias and alcohol. Future longitudinal research is 
needed to assess intra-individual differences over time. Second, the two samples were selec-
tive, thus limiting the generalizability of the results. Replication of these results in similar and 
more normative samples is warranted. Third, the attentional bias measure demonstrated a 
modest internal consistency in both studies (a known problem of this measure, c.f. Schmukle, 
2005; Tull, McDermott, Gratz, Coffey, & Lejuez, 2011), and the attentional bias and alcohol 
use measures were not identical in the two studies. Attentional bias was assessed in Study 2 
after participants were given a small dose of alcohol before completing the attentional bias 
task, to prime the effect. This was not done in Study 1 because of ethical considerations. 
Frequency and quantity of alcohol use were assessed in Study 1, and problem drinking was 
assessed in Study 2. While these measures are age appropriate they are not directly com-
parable. Fourth, the allele frequencies of the DRD4 polymorphism in Study 1 were not in 
conformity with Hardy–Weinberg equilibrium expectations, and were subsequently excluded. 
Fifth, the inclusion of additional variables could impact these results. For instance, pubertal 
timing has been found to impact on the development of appetitive processes of adolescents 
(Casey & Jones, 2010; Steinberg, 2010; Wiers et al., 2007). Finally, “wanting” and “liking” were 
not directly assessed in this study. It would be of interest to relate the genotypes studied here 
to other indices of “liking” vs. “wanting” (e.g., the moderating effect of these genotypes on 
the differential effects between light and heavy drinkers on consumption of alcohol after an 
experimental decrease in liking, c.f. Hobbs et al., 2005). A similar manipulation could also be 
used to test genetic effects of other indirect measures proposed to reflect a sensitized reac-
tion to alcohol-related cues (alcohol–arousal associations, attentional bias, alcohol-approach 
tendencies), and their relationship with alcohol-related problems.
  In conclusion, this study has shown that individual differences related to two 
genetic polymorphisms previously related to alcohol use, might be important in explai-
ning the developmental interplay between attentional bias and alcohol use. It is tentati-
vely proposed that these polymorphisms are related to distinct psychological processes 
involved in adolescents’ and young adults’ appraisal of alcohol stimuli, “liking” and “wan-
ting”, although future longitudinal research is required to critically test this hypothesis. 
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Table 1 
Linear regression analysis predicting the frequency of adolescent alcohol use (Study 1)
Predictors b se β p
Gender (female = 1)  - .30  .22  - .09   .173
Age   .61  .12   .33  < .001
OPRM1 genotype (risk = 1)   .53  .26   .14   .045
Attentional bias  - .04  .12  - .03   .711
OPRM1 genotype x attentional bias   1.03  .36   .20   .004
Note. N=195.
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Table 2
Linear regression analysis predicting the quantity of adolescent alcohol use (Study 1)
Predictors b se β p
Gender (female = 1)  - .04  .12  - .02   .756
Age   .13  .07   .13   .050
OPRM1 genotype (risk = 1)   .65  .14   .32  < .001
Attentional bias  - .05  .06  - .06   .438
OPRM1 genotype x attentional bias   .59  .19   .22   .003
Note. N=195.
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Table 3
Linear regression analysis predicting problem drinking of young adults (Study 2)
Predictors b se β p
Age  - .16  .16  - .11 .312
OPRM1 genotype (risk = 1)  - .51  1.02  - .06 .618
DRD4 genotype (risk = 1)  - .04  .80  - .01 .964
Attentional bias  - .24  .40  - .08 .552
OPRM1 genotype x attentional bias  - 3.10  1.64  - .23 .062
DRD4 genotype x attentional bias   1.64  .74   .28 .030
Note. N=82.
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Figure 1 
Two-way interaction between OPRM1 genotype and attentional bias on frequency of 
alcohol use
Note. Separate lines: OPRM1 genotype (risk: G-allele carriers, no risk: homozygous for 
the A-allele). X-axis: attentional bias. Y-axis: alcohol use.
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Figure 2 
Two-way interaction between OPRM1 genotype and attentional bias on quantity of 
alcohol use
Note. Separate lines: OPRM1 genotype (risk: G-allele carriers, no risk: homozygous for 
the A-allele). X-axis: attentional bias. Y-axis: alcohol use.
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Figure 3 
Two-way interaction between DRD4 genotype and attentional bias on problem drinking
Note. Separate lines: DRD4 genotype (risk: at least one > 6 repeat allele, no risk: no > 6 
repeat allele). X-axis: attentional bias. Y-axis: alcohol use. 
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Chapter 6
The moderating effect 
of alcohol-specific 
parental rule-setting on 
the relation between 
the dopamine D2 
receptor gene (DRD2), 
the mu-opioid receptor 
gene (OPRM1) and 
alcohol use in young 
adolescents
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Abstract
The main aim of the study was to test the moderating effect of two genetic polymor-
phisms, one in the dopamine (DA) D2 receptor gene (DRD2) and one in the μ-opioid 
receptor gene (OPRM1), on the link between parental rule-setting and adolescent alco-
hol use. A total of 214 adolescents (M
age
 = 13.7, 44.9% male) provided saliva samples 
and completed survey items describing alcohol use and parental rule-setting. Findings 
indicated that alcohol-specific parental rule-setting was more robustly associated with 
alcohol use for adolescents with the DRD2 A1 risk allele and for those with the OPRM1 
G-allele. This study replicates the interaction between parental rule-setting and the DRD2 
risk allele on adolescent alcohol use and extends the literature by demonstrating the 
moderating effects of the OPRM1 risk allele on the link between parental rule-setting and 
adolescent alcohol use.
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Introduction
Family studies in the 1970’s already showed that relatives of alcoholics run an incre-
ased alcohol-dependence risk (Schuckit, Goodwin, & Winokur, 1972; Winokur, Reich, 
Rimmer, & Pitts, 1970). The fact that this risk remained similarly enhanced for children 
of alcoholics who were adopted into different families, suggests a genetic component 
in alcohol dependence (Cloninger, Bohman, & Sigvardsson, 1981; Goodwin et al., 1974). 
From patterns of concordance among monozygotic compared with dizygotic twins it 
is known that 40-60 % of the variance in alcohol dependence is explained by genetic 
factors (Goldman, Oroszi, & Ducci, 2005; Liu et al., 2004). Twin studies on adolescents’ 
alcohol use initiation, frequency of drinking and problem drinking demonstrate compara-
ble patterns of explained variance by genetic factors (Cleveland & Wiebe, 2003; Hopfer, 
Crowley, & Hewitt, 2003; Pagan et al., 2006; Poelen et al., 2008; Rhee et al., 2003; Viken, 
Kaprio, Koskenvuo, & Rose, 1999). For example, Viken et al. (1999) found that 56% of 
the variance in frequency of alcohol intoxication among 17-year-olds was explained by a 
heritability factor.
  In attempts to unravel the specific content of this genetic factor, the TaqIA poly-
morphism (rs1800497 C>T) in the dopamine (DA) D2 receptor gene (DRD2) has been a 
key candidate.1 As alcohol enhances DA levels in the brain, variation in the dopaminergic 
system may cause different inter-individual responses to alcohol. The DRD2 TaqIA A1 
(T) allele has been associated with reduced DA D2 receptor availability and DA binding 
capacities in the brain (Pohjalainen et al., 1998; Thompson et al., 1997), which may cause 
DRD2 A1 allele carriers to compensate for this reduced state of reward by the use of alco-
hol (Blum et al., 1996; Noble, Blum, Richie, Montgomery, & Sheridan, 1991). 
  Although the Taq1A single nucleotide polymorphism (SNP) has not been identified 
in genome-wide association studies (GWAS) of alcohol dependence, several candidate 
gene studies and meta-analyses did offer support with respect to alcohol phenotypes 
(e.g., Noble, 2003; Munafò, Matheson, & Flint, 2007). [In addition, GWAS of alcohol phe-
notypes have had their own share of problems in terms of phenotype definition, power 
and sample size and replication attempts (see e.g., Bierut et al., 2010 and for a comment 
Ziegler, König, & Thompson, 2008). Additionally, environmental factors and gene – envi-
ronment (G × E) are generally not included in GWAS, which may explain why some SNPs 
do not reach significance, or are not replicated. Therefore, it may be ill-advised to consi-
der GWASs a gold standard for complex polygenic phenotypes such as alcohol (ab)use 
(Caspi, Hariri, Holmes, Uher, & Moffitt, 2010).] 
  Another polymorphism that has been implicated in the modulation of the DA 
system is the 118A>G SNP of the mu-opioid receptor gene (OPRM1). The presence of 
the G-allele has been associated with increased hedonic reactions to alcohol use (Ray & 
Hutchison, 2004), increased mesocorticolimbic activation after a prime dose of alcohol 
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(Filbey et al., 2008), craving and an approach bias following exposure to alcohol-related 
cues (Van den Wildenberg, Wiers et al., 2007; Wiers, Rinck, Dictus, & Van den Wildenberg, 
2009).
  As genetic factors do not ‘operate in a vacuum’ (Rutter & Plomin, 1997), envi-
ronmental factors need to be included in order to understand why people initially use 
alcohol during their adolescent years and why they may develop heavy drinking beha-
viours. Shanahan and Hofer (2005) propose that social environments may act as a con-
trol factor that suppresses or prevents genetic expression. In other words, environmental 
influences may modulate children’s dispositional tendencies (Dick et al., 2007; see for 
an example, Bernan & Noble, 1997). Alcohol-specific-rule setting by parents has proved 
to be a consistent predictor of adolescents’ alcohol use initiation and their progressi-
on into regular drinking (Jackson, Henrikson, & Dickinson, 1999; Van der Vorst, Engels, 
Deković, Meeus, & Vermulst, 2007; Van der Vorst, Engels, Meeus, & Deković, 2006; Van 
der Vorst, Engels, Meeus, Deković, & Van Leeuwe, 2005; Van der Zwaluw et al., 2008; Yu, 
2003). For example, Van der Vorst and colleagues (2005, 2006, 2007) have demonstra-
ted in cross-sectional and longitudinal studies that imposing strict alcohol-related rules 
was associated with youngsters starting to drink later and less heavily. A first attempt to 
examine a gene-parenting interaction was recently brought forward by Van der Zwaluw 
and colleagues (2010). They showed that the DRD2 A1 allele interacts with parental rule-
setting in predicting adolescents’ initiation of drinking. Adolescents with the DRD2 A1 
allele were more likely to start consuming alcohol if their parents were indulgent towards 
alcohol use than those without the DRD2 A1 risk allele. 
  Although the need for empirical gene-environment research has been stressed by 
many scholars, the number of published empirical studies is still quite low (see Van der 
Zwaluw & Engels, 2009 for an overview). Those studies that do report gene-environment 
interactions are often difficult to compare due to the prevalence of certain genotypes, 
as well as differences in exposure to environmental measures and sample characteristics 
(Caspi et al., 2010). This heterogeneity also makes gene-environment interaction studies 
notoriously difficult to replicate (Lander & Kruglyak, 1995). Since many of the published 
gene-environment findings have not been replicated, there exists  the possibility that 
some of them may comprise false-positive results. Moreover, some scholars have repor-
ted explicit evidence against the initial G x E interaction effect (see e.g., Munafò, Durrant, 
Lewis, & Flint, 2009), although consensus has not been reached on this topic (Caspi et 
al., 2010). Nevertheless, to substantiate original GxE findings, and to enable future meta-
analyses of GxE studies, GxE replication studies are essential (Van der Zwaluw & Engels, 
2009). In the current study, we examined associations between the DRD2 TaqIA poly-
morphism, the OPRM1 polymorphism, parental rule-setting and alcohol use in early ado-
lescence. In accordance with Van der Zwaluw et al. (2010) we expect an interaction bet-
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ween DRD2 genotype and parental rule-setting. Adolescents carrying the DRD2 risk (T) 
allele are hypothesized to be more vulnerable to parental rule-setting: these adolescents 
are expected to drink more alcohol when parental rule-setting is low, than adolescents 
homozygous for the non-risk (C) allele. In addition, we expect that adolescent carriers of 
the OPRM1 G-allele are more susceptible to rule-setting compared with those without 
the G-allele.
Methods
Participants
The sample included 196 adolescents (46.9% male) with a mean age of 13.7 (Range = 
12-16 years, SD = .89). A total of 41.3% had a college-preparatory level of education, 
26.5% an intermediate or basic level, 9.2% of participants had a vocational level and 23% 
of participants did not provide a definitive educational track; in the Netherlands, a defini-
tive choice for a certain track is not made until after second grade. 
Procedure
Data were drawn from a larger study assessing genetic and cognitive risk factors associ-
ated with adolescents’ alcohol use. A total of 725 from 1215 students from four schools 
agreed to participate by returning an informed consent form signed by themselves and 
by their parents or caregivers. Participants were administered questionnaires by trained 
research assistants in classrooms during regular school hours. Participants in three of the 
four schools (n = 378) also donated saliva samples for the purpose of analyzing several 
genetic polymorphisms associated with alcohol use. In the present investigation, partici-
pation is limited to adolescents between 12 to 16 years of age, for which questionnaire 
and genetic information were available. This resulted in the exclusion of 133 adolescents 
who were older than 16 years, 22 adolescents who did not complete the questionnai-
res, and and 9 adolecents whose saliva sample was of poor quality. The current sam-
ple consists of 214 adolescents from that group that provided additional questionnaire 
data. A total of 196 of them came from families with two Caucasian parents and are 
therefore the focus of the current study. Ethical approval was given by the Dutch Central 
Committee on Research involving Human Subjects (NL16827.097.07). For a more exten-
sive description of the procedure of the overall project, we refer to Pieters, Van der Vorst, 
Burk, Wiers and Engels (2010).
Measures
•  Adolescent alcohol use. Adolescents completed four items describing the amount 
of alcohol they consumed during weekdays, on the weekend, at home and outside 
104
home (Engels, Knibbe, & Drop, 1999). Answers on the four items were summed to 
create a measure of weekly alcohol use. Adolescents reported drinking on average 
less than one glass of alcohol in the week preceding the study (M = .60; SD = 2.84; 
range 0-35 glasses). Three participants reported drinking more than 6 glasses of alco-
hol in the previous week. These scores were replaced with values representing 2 SDs 
above the mean (in the current sample: five glasses) to reduce the skewed distribution 
of this measure.  
•  Parental rule-setting. Adolescents completed 10 items describing their perception 
of the rules that their parents set regarding alcohol use (Van der Vorst et al., 2005). 
Examples of these items are: ”I am allowed to drink a glass of alcohol when my mother 
or father is present” and ” I am allowed to drink a glass of alcohol when my mother 
or father is absent”. Response categories for each item were: (a) “Not applicable to 
my situation at all”, (b) “Hardly applicable to my situation”, (c) “Somewhat applicable 
to my situation”, (d) “Applicable to my situation”, (e) “Definitely applicable to my situa-
tion.” Cronbach’s alpha was .94. The 10 items were summed and averaged to create 
a continuous measure ranging from 1 to 5. Items were recoded so that a higher score 
reflected a stricter parental attitude towards alcohol use (M = 4.56, SD = .69). 
•  DRD2 genotyping. The DRD2 TaqI A C >T polymorphism (rs1800497) was genotyped 
using a commercially available Taqman assay (assay ID: Taqman assay: C_7486676_10; 
reporter 1: VIC-A-allele, reverse assay; Applied Biosystems, Nieuwerkerk a/d Ijssel, the 
Netherlands). Genotyping was carried out in a volume of 5 μl containing 10 ng of 
genomic DNA, 2.5 μl of Taqman Universal Mastermix (Applied Biosystems) and 0.125 
μl of the Taqman assay solution. Genotyping was performed on a 7900 Fast Real-
Time PCR System and genotypes were scored using the algorithm and software sup-
plied by the manufacturer (Applied Biosystems).
  A total of 66.3% of the participants were homozygous for the C-allele of the DRD2 
polymorphism and are further referred to as the non risk group (A2A2 genotype). The 
rest of the participants (33.7%) were carriers of at least one T-allele and therefore clas-
sified as member of the risk group (A2A1 and A1A1 genotypes) (cf. Bau et al., 2000; 
Van der Zwaluw et al., 2010). Of these participants, 29.1% had one T-allele and 4.6% 
were homozygous for the T-allele. The Hardy-Weinberg equilibrium for the DRD2 
polymorphism in our sample indicated that proportions in our sample conformed to 
the population (C2 = 0,22, p = 0,64). 
•  OPRM1 genotyping. For the determination of the OPRM1 A118G (rs 1799971) geno-
type, we refer to previous work by Pieters and colleagues (2011). A total of 149 par-
ticipants were homozygous for the A-allele, while 50 participants carried at least 
one G-allele (46 AG genotype, 1 GG genotype). Allele frequencies were in Hardy – 
Weinberg equilibrium (C2 = 0.55, P = 0.46).
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Results
Descriptives and Correlations
Independent sample t-tests examined gender differences on alcohol use and parental 
rule setting. These indicated that males and females did not differ on parental rule setting 
(t (194) = -.61, p = .55) or alcohol use (t (194) = 1.10, p = .27). In chi-square tests, allele 
frequencies of DRD2 (risk vs. no risk) or OPRM1 (risk vs. no risk) did not differ for males (66 
vs. 26 for DRD2 and 71 vs. 21 for OPRM1) and females (64 vs. 40 for DRD2 and 78 vs. 26 
for OPRM1) [χ2(1) = 2.27, p = 0.17 for DRD2 and χ2(1) = 0.13, p = 0.72 for OPRM1].
  A total of 35 adolescents reported drinking at least one glass of alcohol use in the 
previous week. Adolescents with the DRD2 risk allele (M = 0.62, SD = 1.37) drank more 
alcohol compared with those without a DRD2 risk allele [M = 0.26, SD = 0.75; t(194) = 
–2.38, p = 0.018]. Adolescents with the OPRM1 risk allele (M = 1.02, SD = 1.61) drank 
more alcohol compared with those without a risk allele [M = 0.18, SD = 0.62; t(194) = 
–5.29, p < 0.001]. Pearson correlations between all model variables are shown in Table 2. 
Both the DRD2 and the OPRM1 genotype correlated positively with alcohol use, meaning 
that individuals with a risk allele drank more alcohol compared with individuals without 
a risk allele in this sample. Alcohol-specific rule-setting correlated negatively with weekly 
alcohol use, meaning that a stricter parental attitude toward alcohol was associated with 
a lesser amount of adolescent drinking. The OPRM1 genotype correlated negatively with 
alcohol-specific parental rule-setting, implying that individuals with an OPRM1 risk allele 
had more permissive parents. Age correlated negatively with alcohol-specific rules and 
positively with alcohol use. All other correlations were non-significant.
Linear Regression Analyses
Two hierarchical linear regression analyses were performed using alcohol use as a depen-
dent variable. In the first analysis, gender, age, DRD2 genotype and parental rule-setting 
were included in Step 1, and the interaction between parental rule-setting and DRD2 
genotype was entered in Step 2. Results are shown in Table 3. The four main effects 
explained a significant proportion of the variance in weekly alcohol use (R2 = 0.45, p < 
0.001). The effects of DRD2 genotype (b = 0.37, SE = 0.14, p = 0.01) and parental rule-
setting (b = –0.43, SE = 0.08, p < 0.001) were significant, but were qualified by a statisti-
cally significant interaction that explained an additional 8% of the variance on adolescent 
alcohol use (R2change = 0.08, p < 0.001). Follow-up tests of the simple slopes (Cohen et 
al., 2003) showed a more robust association between parental rule-setting and alcohol 
use for the DRD2 risk group (b = –0.86, SE = 0.12, p < 0.001) compared with the non-risk 
group (b = –0.22, SE = 0.09, p = 0.01; Fig. 1). 
  In the second analysis, gender, age, OPRM1 genotype and parental rule-setting 
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were entered as predictors in Step 1 and the interaction between parental rule-setting 
and DRD2 genotype was entered in Step 2. The model explained a total of 54% of the 
variance in weekly alcohol use, with predictors in each step accounting for a statistically 
significant amount of explained variance (Step 1, R2 = 0.50, p < 0.001; and Step 2, ΔR2 = 
0.04, p < 0.001). Main effects emerged for OPRM1 genotype and parental rule-setting, but 
these were qualified by a statistically significant two-way interaction (Table 4). Follow-up 
tests of the simple slopes indicated a more robust association between parental rule-set-
ting and alcohol use for the OPRM1 risk group (b = –0.70, SE = 0.12, p < 0.001) compared 
with the non-risk group (b = –0.16, SE = 0.08, p = 0.04; Fig. 2).
Discussion
The current study shows that lenient parental rule-setting is associated with increased 
odds of alcohol use in young people, particularly for adolescents with the DRD2 risk-
genotype. These findings are in line with the results from the Van der Zwaluw and col-
leagues (2010) study. However, it is important to stress that our cross-sectional study is 
not an exact replication of their study, since we used different, though correlated, phe-
notypes. 
  In addition, results from Van der Zwaluw and colleagues (2010) did not show a 
main effect of DRD2 genotype. As Flint and Munafò (2008) argue, there is an overre-
presentation of significant effects in published papers and thus a risk of false positive 
findings. Therefore it is pivotal that with an independent sample, we found the same 
pattern of findings as reported previously. This paper also confirms results of several stu-
dies in the Netherlands (Van der Vorst et al., 2007; Koning et al., 2009; Spijkerman, Van 
den Eijnden, & Huiberts, 2008; Van Zundert, Van der Vorst, Vermulst, & Engels, 2006) 
and in other Western societies (Jackson, Henriksen, & Dickinson, 1999; Yu, 2003; Wood, 
Read, Mitchell, & Brand, 2004) showing the strong impact of alcohol specific rule-setting 
on early onset of alcohol use.  In addition, we showed that the effects generalized to 
another genotype previously associated with alcohol. That is, we found a stronger associ-
ation between rule-setting in the adolescents with at least one OPRM1 G-allele compared 
with those homozygous for the A-allele.
  According to Sullivan (2007) findings from replication studies should be interpreted 
with extreme caution, since false-positive findings are likely to be replicated. He argues 
that replication studies must be exactly similar to the original study with regard to pheno-
type, SNPs and direction of association. However, others have argued that phenotypes 
and modus operandi of replication studies are allowed to be different, as complementary 
information from various sorts of studies can increase scientific inference (Caspi et al., 
2010). We would like to emphasize that the findings from this study should be interpreted 
with care – as in the case of any study that aims to test an already published G x E finding 
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in a different sample - and that more research is necessary to substantiate our results. 
Nonetheless, this study, together with the Van der Zwaluw and colleagues (2010) report, 
might also be considered a starting point for this line of research in the G x E literature.  
  Research on G x E interactions and alcohol consumption is in its infancy. A recent 
review on existing literature revealed thirteen empirical studies that examined G x E inter-
actions related to alcohol phenotypes in humans (Van der Zwaluw & Engels, 2009). These 
studies covered a range of genetic polymorphisms including dopamine transporter and 
receptor genes, serotonin receptor genes and opioid receptor genes, and a variety of 
environmental stressors. Further, the heterogeneity in outcomes made it very difficult to 
systematically compare findings across studies in order to draw more definite conclusi-
ons. Hence, although replication of our findings is imperative, we consider it essential 
that in replication studies, as much attention is paid to the measurement of the envi-
ronmental factors as to the genes or outcomes (Caspi et al., 2010; Moffitt et al., 2005). 
We, for instance, focused on a specific parenting practice namely alcohol-specific rule 
setting, and when replication is done with other (but related) parenting practices such as 
parental control, monitoring or punishment, it is very likely that different, incomparable 
patterns of findings occur.
  According to Moffitt, Rutter and Caspi (2005), it is pivotal to assess environmen-
tal risk factors precisely and reliably by using: (a) proximal measures of environmental 
pathogens, (b) multi-informant data, (c) developmental-specific assessments, and (d) by 
noticing cumulative effects of environmental influences. First, in the context of gene-
parenting associations related to alcohol use, this implies that in normative samples 
parenting practices should be assessed that are closely linked to the outcome (Engels 
& Bot, 2006). Thus alcohol-specific parenting practices  should be preferably assessed 
rather than general parenting styles (e.g., Darling & Steinberg, 1993). Moreover, longitudi-
nal research revealed that more proximal measures of parental control are more strongly 
related to initiation of drinking and progression to more advanced stages of drinking, than 
measures of general parental control (Van der Vorst et al., 2007, 2005; Van der Zwaluw et 
al., 2008). It is likely that interactions with genetic markers are more easily traceable when 
examining concurrent measures of environmental factors than prospective measures. 
Second, future research should include both parent and child perspectives on parenting, 
preferably with expert opinions of parent-child observations of the parenting practice 
examined (Bakermans-Kranenburg & Van Ijzendoorn, 2006), in order to draw more defi-
nite conclusions. Third, the measure we used to assess alcohol specific rule-setting is 
developed to tap parenting behaviors dealing with early adolescents’ potential engage-
ment in alcohol use. It is likely that when studying parenting behaviors pertaining to mid-
dle or late adolescence – in the Netherlands the majority of teens consume alcohol in 
middle adolescence, in particular in contexts with peers out of direct control of parents 
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– other assessments of rule-setting should be applied. These assessments might rather 
comprise parental efforts to communicate and set rules related to restrict heavy episo-
dic drinking (Kuntsche & Gmel, 2004), associated problems, and problem drinking (Van 
der Zwaluw et al., 2008). Fourth, cumulative experiences with parents are likely to affect 
outcomes as well. This suggests incorporation of multiple assessments of parenting (not 
only rule-setting), but also management of peer drinking and affiliations with drinking 
peers (Mounts, 2001), regulation of outdoor activities and curfew (Mahoney & Stattin, 
2000) and frequency and quality of communication on alcohol matters (Mares, Van der 
Vorst, Engels, & Lichtwarck-Aschoff, 2011) in future longitudinal studies. Obviously, effec-
tive and age-appropriate parenting has to be considered in its cultural and societal con-
text. In the Netherlands, where adolescents are legally allowed to consume light-alcohol 
beverages at the age of 16, parental goals and efforts to deal with underage drinking are 
different than those from most parents in, for example, the U.S.A., where drinking any 
alcoholic beverage is not allowed before the age of 21. In sum, these aspects related to 
assessments of environment in G x E studies show that replication studies are definitely 
needed but rather complex to conduct, especially when samples from different cultural 
contexts are used.
  Several caveats must be acknowledged. First of all longitudinal testing is required 
to test whether the interaction effect remains significant when predicting alcohol initia-
tion. Second, in line with Van der Zwaluw and colleagues (2010) we used self-reports of 
adolescents on both parenting and alcohol use measures. Although self-reports might 
be subject to over- or underreporting of alcohol use due to social desirability, several 
studies have shown that when these biases are minimized such as asking adolescents 
to fill in the form individually, assuring confidentiality, and not allowing them to discuss 
questions or answers with other family members, these reports form a reliable source 
of information (Engels, Van der Vorst, Dekovic, & Meeus, 2007). Regarding parenting, 
parent reports were not included in the present study. Still, we prefer adolescent reports 
over parent reports on parenting because a) owing to social desirability and demand 
characteristics, parents often have too positive a view on their concrete parenting prac-
tices (Cook & Goldstein, 1993), and b) adolescent perceptions of parenting might be 
more important, and also more strongly affecting their own behaviors, than the percep-
tions of their parents (Engels, Finkenauer, Meeus, & Dekovic, 2001; Steinberg, Lamborn, 
Dornbusch, & Darling, 1992). Nonetheless, future studies might benefit from including 
and comparing parent and child perspectives. Third, additional research is warranted exa-
mining whether parental alcohol use affects the associations found, as parental drinking 
might affect alcohol specific rule-setting (see Mares et al., 2011). Especially in matched 
case-control designs comparing children from alcohol abusing or dependent parents 
with controls, strong differences in associations with rule-setting might occur. In addition, 
109
parental drinking might affect the association between rule-setting and adolescent alco-
hol use. Fourth, it might be that the DRD2 Taq1A polymorphism correlates highly with 
other functional variants in the DRD2 gene, or in other genes (i.e., is in linkage disequili-
brium (LD) with another marker). Future studies would benefit from thorough genotyping 
across the gene and taking into account the LD between the polymorphisms. In addition, 
that the Taq1A SNP actually resides in an adjacent protein kinase gene (ANKK1; Neville, 
Johnstone, & Walton, 2004) complicates the interpretation of the results, as its functional 
consequence is yet unknown. Ponce and colleagues (2008) found that DRD2 and ANKK1 
were epistatically (i.e., in interaction with each other) associated with psychopathic traits 
in alcohol-dependent patients (see also Dick et al., 2007). A suggestion for future stu-
dies would be to include SNPs in both DRD2 and ANKK1 and examine epistasis effects. 
Further, another limitation is the small sample size. Although there was enough power to 
conduct the analysis, genetic association studies typically require large sample sizes.
  Our findings on the impact of alcohol-specific rule setting on drinking fits with 
a recent line of research underscoring the importance of parents in the development 
adolescent alcohol use. A parent-oriented prevention program has been developed on 
the basis of this research. This program starts with a parent meeting at the beginning of 
the school year of secondary education (12-14 year olds), in which rule setting and per-
missive attitudes towards alcohol use are discussed. This meeting is directly followed up 
by a meeting with other parents of students of the same class to reach consensus on a 
set of common rules (see also Koutakis, Stattin, & Kerr, 2008), and written information in 
a brochure. Further, adolescents receive an e-learning module on alcohol use at regu-
lar school hours. A clustered randomized trial showed positive effects of this combined 
program on juvenile weekly alcohol use and monthly drinking over 10 and 22 months 
(Koning et al., 2009). Although the robust and profound impact of alcohol-specific rule-
setting on the development of alcohol use across cultures and subgroups plead for uni-
versal prevention, the G x E interaction suggests that prevention efforts might be probably 
more effective in parents of children with the DRD2 risk-genotype, as those children are 
most likely to instigate drinking when their parents are permissive. While ethical conside-
rations need to be taken into account to, for example, research on specific risk groups for 
which prevention programs might turn out to be more effective (see Gillham, Hamilton, 
Freres, Patton, & Gallop, 2006; Stice, Rohde, Gau, & Shaw, 2009) is relevant, as it informs 
us about the conditions under which primary prevention of substance use work (Holder, 
2010) and because it increases the understanding of the mechanisms underlying effec-
tive prevention programs (Koning, Van den Eijnden, Engels, Verdurmen, & Vollebergh, 
2011). 
110
Table 1 
Parental Rule-Setting
1.  I am allowed to drink alcohol at home when my father or mother is around.
2. I am allowed to drink alcohol at home when my father or mother is not around.
3.  I am allowed to drink more than one glass of alcohol at home when my mother or 
father is around.
4.   I am allowed to drink more than one glass of alcohol at home when my mother or 
father is not around.
5.  I am allowed to drink as much alcohol as I’d like outside the house.
6.  I am allowed to drink alcohol with my friends at a party.
7.  I am allowed to come home drunk.
8.  I am allowed to become drunk when I go out with my friends.
9.  I am allowed to drink alcohol in the weekend.
10.  I am allowed to drink alcohol during the week
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Table 2
Pearson Correlations of All Study Measures
Note. Gender was coded as 0 = male, 1 = female. DRD2 genotype was coded as 0 = 
homozygous for the A2 (C) allele, 1 = carriers of at least one A1 (T) allele. OPRM1 geno-
type was coded as 0 = homozygous for the A allele, 1 = carriers of at least one G-allele. A 
higher score on alcohol-specific rules represents a stricter parental attitude toward alco-
hol. Means are given for quantitative variables. *p < 0.05; **p < 0.01; ***p < 0.001 two-
tailed tests.
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Table 3
Linear Regression Analysis Predicting Weekly Alcohol Use from Gender, Age, DRD2 
Genotype and Alcohol-Specific Rules
Note. Gender was coded as 0 = male, 1 = female. DRD2 genotype was coded as 0 = 
homozygous for the A2 (C) allele, 1 = carriers of at least one A1 (T) allele. Step 1, R2 = .45, 
p < .001. Step 2, R2change = .08, p < .001.
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Table 4
Linear Regression Analysis Predicting Weekly Alcohol Use from Gender, Age, OPRM1 
Genotype and Alcohol-Specific Rules
Note. Gender was coded as 0 = male, 1 = female. OPRM1 genotype was coded as 0 
= homozygous for the A allele, 1 = carriers of at least one G-allele. Step 1, R2 = 0.23, 
P < .001. Step 2, R2change = 0.04, P < 0.001.
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Figure 1
Interaction between the DRD2 Genotype and Alcohol-Specific Rule-Setting on Alcohol 
Use in Adolescents
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Figure 2 
Interaction between the OPRM1 Genotype and Alcohol-Specific Rule-Setting on Alcohol 
Use in Adolescents
Footnote 1
The frequently genotyped Taq1A polymorphism has been shown to actually lie in the gene adjacent to the DRD2 
gene; the ankyrin repeat and kinase domain containing 1 (ANKK1) gene (Neville, Johnstone, & Walton, 2004).
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Abstract
Research has shown a bi-directional relation between alcohol use and sleep regulation 
in adults. Much less is known about this association in early adolescents, while profound 
puberty-dependent transitions regarding sleep patterns take place in early adolescence. 
Moreover, puberty has been associated with an increase in alcohol use of adolescents. 
In this study, we investigated the associations between pubertal development, sleep pre-
ference, sleep problems and alcohol use in 431 early adolescents (mean age: 13.66). 
Second, it was studied whether the associations changed when controlling for adoles-
cent internalizing and externalizing problems. Furthermore, we included gender as a 
moderator on all the associations. Results showed that pubertal development was posi-
tively associated with sleep problems and more evening-type tendencies (e.g., favoring 
later bedtimes), which in turn were positively related to alcohol use. Underlying psycho-
pathology, gender and educational level did not change these relationships. From this 
study, it can be concluded that both puberty and sleep regulation are important factors in 
explaining alcohol use in early adolescence.  
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Introduction
Ample studies have shown that alcohol use is bi-directionally related to sleep pro-
blems and insomnia in adults: alcohol directly affects sleep through its pharmacological 
properties (Brower, 2001), and sleep problems precede the onset of alcohol abuse in 
healthy adults and relapse in abstinent alcoholics (Brower, 2001; Weissmann, Greenwald, 
Ninomurcia, & Dement, 1997). Less is known about this relation in adolescents. Cross-
sectional studies indicate that a wide variety of sleep problems, such as trouble sleeping, 
trouble falling asleep, maintaining sleep and perceived tiredness are positively associated 
with adolescent alcohol use (Johnson & Breslau, 2001; Roane & Taylor, 2008; Tynjälä, 
Kannas, & Lev-lahti, 1997; Vignau et al., 1997). Prospectively, chronic insomnia predicts 
adolescent alcohol use (Roberts, Roberts, & Duong, 2008). Early childhood sleep pro-
blems also predict early onset of alcohol use in families with and without parental alco-
holism (Wong, Brower, Fitzgerald, & Zucker, 2004; Wong, Brower, & Zucker, 2009). In 
spite of the wide variability in the definition of sleep problems used in previous research 
and the scarcity of prospective studies, together these studies provide accumulating evi-
dence that the relation between sleep problems and alcohol use in adolescence is one 
of great consideration. 
  This relation is particularly important in adolescence for two reasons. First, most 
teenagers are incited to drink their first alcoholic beverage in (early) adolescence: 43% 
of European adolescents have tried alcohol before the age of 13 (Hibell et al., 2007). 
Studies have shown that the tendency to drink alcohol is associated with pubertal timing 
or status, such that adolescents more advanced in pubertal development are more likely 
to drink alcohol (Patton et al., 2004; Wichstrøm, 2001). Second, sleep problems, such 
as difficulty initiating or maintaining sleep or sleepiness during the day, are highly pre-
valent in adolescence (Mindell & Owens, 2003). This increase is attributed to significant 
changes in the way sleep and wakefulness are related. Teenagers gradually favor staying 
up later at night and sleeping in later in the morning, a process that is thought to reflect 
both psychosocial factors, such as increased autonomy over bedtimes, and an important 
biological underpinning, associated with puberty-dependent changes in the circadian 
timing system (Carskadon, Vieira, & Acebo, 1993; Carskadon, Acebo, & Jenni, 2004; Dahl 
& Lewin, 2002; Laberge et al., 2001). As a result of this delayed circadian preference, 
adolescents more advanced in their maturation often report difficulties initiating sleep 
and increased need for sleep, especially on weekdays. Taken together, it is clear that 
pubertal maturation might be an explanation for the association between sleep problems 
and alcohol use. However, previous studies did not focus specifically on the impact of 
pubertal maturation on this relation, despite the fact that puberty ushers in considerable 
transitions in these domains. Moreover, the aforementioned association indicates that 
besides sleep problems, circadian phase preference should also be taken into account in 
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the relation between pubertal maturation, sleep problems and adolescent alcohol use.
  To our knowledge, only two studies have addressed the direct relation between 
circadian phase preference and substance use in adolescence. Tynjälä and colleagues 
(1997) found that sleep habits, a factor composed of variables such as irregular bedti-
mes, later bedtimes during school weeks and large differences in sleep duration between 
school and weekend nights was positively associated with substance use in 15 year old 
boys and girls. In addition, Giannotti and colleagues (2002) found that evening-type mid 
and late adolescents were more likely to use substances such as alcohol, tobacco and 
other beverages containing caffeine (Giannotti, Cortesi, Sebastiani, & Ottaviano, 2002). 
No studies have yet examined the relation between circadian phase preference and alco-
hol use in early-adolescents, while accounting for differences in pubertal status. Given 
the interrelation between puberty, sleep problems and alcohol use, one could argue that 
sleep regulation is one of the missing links in the association between puberty and alco-
hol use. 
  Placed in a broader context, puberty-dependent changes in sleep habits might be 
just one manifestation of more general alterations in neural systems governing emotion 
or arousal regulation, affecting numerous aspects of adolescent control over affect and 
behavior, including alcohol use. Or alternatively, that sleep problems would be secondary 
to a certain pathological state, which would be related to alcohol use (Dahl, 1996a). In 
particular, it is possible that the relation between sleep problems and alcohol use could 
be explained by the presence of internalizing or externalizing problems (e.g., Wong et 
al., 2009); which are known to be associated with adolescent alcohol use (e.g., Steele, 
Forehand, Armistead, & Brody, 1995). Indeed, child and adolescent sleep problems and 
insomnia are associated with depressive and anxiety disorders (Gregory & O’Connor, 
2002; Gregory, Eley, O’Connor, & Plomin, 2004; Gregory et al., 2005; Gregory, Van den 
Ende, Willis, & Verhulst, 2008) and obsessive compulsive disorders (Storch et al., 2008). 
In addition, child and adolescent sleep problems are associated with externalizing pro-
blems, such as conduct disorders and aggression (Gregory & O’Connor, 2002; Gregory 
et al., 2004; Gregory et al., 2008). Studies have shown a substantial reduction in the 
strength of the association between sleep problems in adolescence and alcohol use 
when adjusting for internalizing and externalizing problems (Johnson & Breslau, 2001), 
though another study examining early childhood sleep problems found no significant 
effect when adjusting for these different problems (Wong et al., 2009). While results with 
respect to this issue are mixed, it appears that systems governing sleep and emotion 
regulation are intertwined. When examining the relation between puberty dependent 
changes in sleep regulation and problems on the one hand, and alcohol use on the other 
hand, it seems vital to take internalizing and externalizing problems into account.
  Sex differences in the association between the sleep/wake cycle and alcohol use 
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in adolescence have received little attention in the extant literature. The results of the few 
studies that did account for gender provide mixed results. Regarding the relation between 
sleep problems and alcohol use in adolescents, some studies reported no sex differen-
ces (Tynjälä et al., 1997; Vignau et al., 1997), while others found that childhood sleep 
problems predicted early onset (between 8-14 years) of alcohol use in boys, and onset 
(between 15-17 years) of alcohol use in girls (Wong et al., 2009). When examining puber-
tal status, however, it is vital to examine differences between boys and girls. For instance, 
because girls mature earlier than boys (Tanner, 1972), it might be that girls are at a higher 
risk to develop sleep problems and drinking alcohol at a younger age than boys.
  The main aim of the current study is to examine the relation between puberty, 
delayed phase preference, sleep problems and alcohol use in early adolescents. To date, 
studies have mainly focused on circadian preference and sleep problems in either early 
childhood or in middle and late adolescence, while profound puberty (in)dependent tran-
sitions regarding sleep patterns take place in early adolescence. Since an early onset of 
alcohol use predicts alcohol-related problems later in life, it is vital to delineate which 
factors are involved in predisposing adolescents to drink alcohol in their early teens. A 
secondary aim is to examine whether associations differ when adjusting for adolescent 
internalizing and externalizing problems. Gender differences in these associations are also 
considered. It is hypothesized that pubertal status will be related to a more evening-type 
sleep⁄wake rhythm and more sleep problems. Eveningness and more sleep problems will 
be related to more alcohol use. Furthermore, pubertal status will be associated not only 
directly with more alcohol use, but also indirectly through eveningness and sleep pro-
blems.
Method
Procedure
Data were derived from a larger study assessing cognitive and psychological risk factors 
related to adolescents’ alcohol use. All parents/caregivers of the 1,215 pupils who atten-
ded one of the 5 participating schools received a letter by mail in which the motives for 
conducting the current study were explained. Parents were asked to give active infor-
med consent for their child’s participation in the study by returning the response form. 
Ultimately, this resulted in a total number of 725 participants (60 % of the total group of 
parents contacted by mail). 
  Data collection was divided over two test days. At the first day, adolescents per-
formed several computer tasks assessing cognitive processes that are thought to be 
related to alcohol use (e.g., working memory capacity). Completing the computer tasks 
took approximately one hour. On the second day, adolescents were asked to fill out an 
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extensive questionnaire in their own classroom under supervision of a trained research 
assistant. Completion of the questionnaire took on average one hour. Participants were 
not allowed to discuss questions or answers with each other and were instructed to 
consult a trained research assistant in case of any issues regarding the questionnaire. A 
unique subject number was assigned to each participant to guarantee anonymity. 
Participants
In total, 725 children from grade 1 to 6 of Dutch high schools filled out the question-
naire, and 619 completed the computer tasks. In the current study, questionnaire data 
were used from the 431 adolescents (195 male) aged 11-14 years old (mean age = 13.66; 
SD = .55). Because the main focus of this study was on early adolescents, only these data 
were used. Of all 431 adolescents, 92.5% of adolescents were of Dutch origin, 0.1% was 
born in other European countries, and 7.4% was born in countries outside Europe (e.g., 
Asian countries). Regarding educational level, general terms of ‘‘tracking,’’ equivalent to 
the US tracking system, are used in the Netherlands. Among the participants, 28% were 
considered to have a vocational level, 29% an intermediate or basic level, and 43% a 
college-preparatory level.
Measures
•  Alcohol use. We developed two items in which adolescents were asked about their 
alcohol use.
•  Frequency of alcohol use. Adolescents were asked about their average frequency of 
alcohol use per year. Answers were given on an 8-point scale: (1) “Never”, (2) “Once a 
year”, (3) “Once every six months”, (4) “Once every three months”, (5) “Once a month”, 
(6) “Twice every month”, (7) “Once a week”, (8) “Multiple times a week.”
•  Quantity of alcohol use. The average quantity of standard glasses of alcohol (12 ml 
alcohol) an adolescent drinks per occasion was measured on a 5-point scale: (1) 
“I don’t drink alcohol”, (2) “1 to 2 glasses on average per occasion”, (3) “3 to 4 glasses 
on average per occasion, (4) “5 to 6 glasses on average per occasion”, (5) “More than 
6 glasses on average per occasion”.
•  Sleep problems. Sleep problems were assessed in 2 subscales of the Adolescent 
Sleep-Wake Scale (LeBourgeois et al., 2005): “Going to bed” (5 items) for example ‘‘I try 
to ‘‘put off’’ or delay going to bed’’ and ‘‘Falling asleep’’ (6 items), for example ‘‘I have 
trouble going to sleep.’’ We also used the ‘‘Cognitive’’ subscale (6 items), for example 
‘‘I go to bed and think about things I need to do’’ of the Adolescent Sleep Hygiene 
Scale (LeBourgeois, Giannotti, Cortesi, Wolfson, & Harsh, 2005). Answers to items 
were given on a 6-point scale: (1) ‘‘Never,’’ (2) ‘‘Once in a while,’’ (3) ‘‘Sometimes,’’ (4) 
‘‘Quite often,’’ (5) ‘‘Frequently-if not always,’’ (6) ‘‘Always.’’ Higher scores are indicative 
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of having more frequent sleep problems. Reliability estimates (Cronbach’s alpha) of 
the going to bed, falling asleep and cognitive activity before falling asleep subscales 
were sufficient (respectively α = .76, α = .77 and α = .66).
•  Morningness/eveningness (M/E). Morningness/eveningness (M/E) was measured with 
the Morningness/eveningness scale for children (Carskadon et al., 1993). In 10 items, 
adolescents were asked about their circadian preference (e.g., “Is it easy for you to get 
up in the morning?”). Due to differences in the answer scales over items, responses 
were first standardized before taking the mean of all items. The internal consistency 
of this scale in the current data was high (α = .81).  
•  Puberty. A self-rating scale for pubertal development was used to estimate the level of 
pubertal maturation for girls (5 items) and boys (5 items; Carskadon & Acebo, 1993). 
Boys and girls were asked questions regarding growth spurt, growth of body hair and 
changes in skin (pimples). In addition, boys reported status of voice deepening and 
facial hair, and girls reported status on breast growth and onset of menses. Puberty 
category scores were computed using the criteria displayed on the sleep for sci-
ence website of the Mary Carskadon group (www.sleepforscience.org). Categories 
were: (1) “Prepubertal”, (2) “Early pubertal”, (3) “Mid pubertal”, (4) “Late pubertal”, (5) 
“Postpubertal”.  
•  Strengths and Difficulties Questionnaire (SDQ). Two subscales of the Strengths and 
Difficulties Questionnaires (SDQ) assessing emotional and conduct problems were 
administered in the current study (Goodman, 1997). The emotional and conduct sub-
scale of the SDQ represent ‘‘internalizing’’ and ‘‘externalizing’’ problems, respectively. 
Both scales were composed of five items measuring the intensity of problems on a 
3-point scale: (1) “Does not apply to me”, (2) “Applies a little to me”, (3) “Applies cer-
tainly to me”. The psychometric qualities of this questionnaire are good (e.g., Muris, 
Meesters, & Van den Berg, 2003). 
Strategy of analyses
First, descriptives were calculated to examine means and standard deviations of all model 
variables. Potential sex or educational differences in alcohol use, circadian preference 
and sleep problems were tested using a series of one-way ANOVAs. Next, correlations 
between all variables of interest were computed. Subsequently, two structural equation 
models were performed using the robust maximum likelihood estimator in MPlus version 
5.1 (MLR: Muthén & Muthén, 1998-2007). The first model tested associations between 
puberty, M⁄ E, sleep problems, and alcohol use; the second model tested these associa-
tions while adjusting for potential confounders (age, sex, educational level, internalizing 
and externalizing problems). For both models, the 2 alcohol measures (frequency and 
intensity of alcohol use) were combined into one latent factor reflecting adolescent alco-
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hol use. Factor loadings of the alcohol construct were all above 0.84. The 3 sleep pro-
blem subscales were combined into a latent factor reflecting sleep problems. Factor loa-
dings of sleep problems were all above .63, indicating that the underlying variables were 
properly reflected by the latent factor. Figure 1 displays path estimates for the 2 models. 
Covariates in the second model (age, gender, educational level, internalizing and exter-
nalizing problems) were included as predictors of all variables included in the first model. 
The correlation between sleep problems and morningness ⁄ eveningness was included 
in all models. The fit of the models was assessed with 3 global fit indexes: Chi-Square, 
Comparative Fit Index, and Root Mean Square Error of Approximation. Finally, additional 
multigroup analyses were performed to examine sex differences in each pathway of the 
model with covariates (except gender), using the adjusted χ2 difference test formulated 
by Satorra and Bentler (2001).
Results
Descriptives
Means and standard deviations of all variables are reported in Table 1. A total of 43.9% 
of adolescents reported that they never drank alcohol, 19.6% drank alcohol once a year, 
9.7% once every 6 months, 11.7% once every 3 months, 6.4% once every month, 4.6% 
twice a month, 2.8% once a week and 1.3% multiple times a week. On average, adoles-
cents drank 1 or 2 glasses per occasion. No gender differences were found on the alco-
hol measures (p > .05). A significant difference between educational levels was found for 
frequency (p < .001) and quantity of alcohol use (p < .001). Lower educated adolescents 
on average drank more and more often compared to their higher educated peers. With 
respect to the sleep measures, males and females did not differ on circadian preference 
or the “going to bed” and “falling asleep” subscales. However, males and females differed 
with respect to the level of “cognitive load” the experienced before falling asleep (p < .05). 
Females experienced a higher level of “cognitive load” before falling asleep than males. 
Regarding pubertal status, 3.8% of male and no female adolescents were considered pre-
pubertal, 6.9% of male and 1.4% of female adolescents were early pubertal, 28.1% of male 
and 19.7% of female adolescents were mid pubertal, 46.2% of male and 77.9% of female 
adolescents were late pubertal and 15% of male and 1% of female adolescents were post 
pubertal, indicating that in this sample, girls were at higher stages of pubertal develop-
ment than boys (p < .05). An ANCOVA with age as covariate showed that mean scores 
of alcohol use (frequency and intensity) were different for the five puberty categories 
(p < .05), indicating that differences in pubertal status on the alcohol measures could not 
be explained by age effects. 
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Correlations
Correlations between all variables are given in Table 1. Regarding the main focus of this 
study, we found that puberty was positively associated with the M/E score, implying that 
more mature adolescents showed a relatively stronger preference for evening-type like 
behavior than less mature adolescents. Puberty was also related to cognitive activity befo-
re falling asleep, which signifies that cognitive activity before falling asleep was gradually 
more prevalent among more mature adolescents. The associations between puberty and 
problems going to bed and falling asleep were nonsignificant. M/E was significantly and 
positively related to all types of sleep problems: more owl-like tendencies were related to 
more sleep problems. 
  Regarding the relation between M/E, sleep problems and alcohol use, it was found 
that all sleep concepts (M/E, problems going to bed, problems falling asleep and cogni-
tive activity before falling asleep) were positively related to the frequency and intensity of 
alcohol use. This suggests that the more adolescents prefer evenings over mornings or 
the more sleep problems they experienced, the more they drink and vice versa. 
  Externalizing problems were positively associated with puberty and frequency and 
intensity of alcohol use, internalizing problems were not. Both internalizing and externali-
zing problems were positively related to M/E and all sleep problems, indicating that more 
psychopathological problems are associated with a delayed phase preference and sleep 
problems. 
Associations between Puberty, Sleep Problems, Circadian 
Preference and Alcohol Use using Structural Equation Modeling
The fit of the structural equation models was satisfactory (see Table 2). Associations 
between variables of interest in the model were all positive and statistically significant. 
Puberty was positively related to both M/E and sleep problems, suggesting that more 
mature early adolescents tend to prefer relative owl-like behavior, and to experience more 
sleep problems, compared to their less mature peers. M/E and sleep problems were also 
interrelated, meaning that more owl-like tendencies were associated with more sleep 
problems. The more sleep problems the adolescent experienced, or the more owl-like 
behavior a youth preferred, the more alcohol he or she drank. In addition, pubertal status 
was directly and positively related to alcohol use. Adjusting for emotional problems and 
conduct problems (see Fig. 1 and Table 2) did not change the pattern of results, meaning 
that significant associations remained significant after controlling for these problems.
Gender Differences
We used Chi-Square difference tests to examine whether factor loadings, correlations, 
and regression paths in the model significantly differed for boys and girls. No gender dif-
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ferences emerged in the factor loadings or correlations between predictors. Of the 20 
regression paths in the model, only 2 paths significantly differed for boys and girls: the 
path from SDQ conduct problems to morningness ⁄ eveningness (Δχ2 = 7.054, p = 0.008) 
and the path from SDQ conduct problems to sleep problems (Δχ2 = 6.094, p = 0.014). 
In both instances, regression coefficients were positive and statistically significant for girls 
(Beta = 0.355, p < 0.001; Beta = 0.357, p < 0.001, respectively) and nonsignificant for 
boys (Beta = 0.109; p = 0.147; Beta = 0.111, p = 0.218, respectively). So for girls, conduct 
problems predicted more eveningness and more sleep problems; for boys, conduct pro-
blems were not related to sleep patterns or sleep problems.
Discussion
The main aim of the current study was to investigate the relation between puberty, cir-
cadian phase preference, sleep problems and alcohol use in early adolescents. Further, 
the role of gender, internalizing and externalizing problems was examined to infer about 
potential explanatory mechanisms that could account for the associations. Results sho-
wed that puberty, sleep problems, circadian phase preference and alcohol use were all 
positively and significantly related, even after controlling for age, educational level and 
psychopathology. Specifically, puberty was related not only directly to alcohol use, but 
indirectly as well through sleep problems and delayed circadian phase preference. These 
findings suggest that puberty-dependent changes in sleep regulation might affect adoles-
cents’ vulnerability to drink alcoholic beverages at an early age.  
  Regarding the relation between puberty and sleep, a positive relation between 
puberty and delayed circadian phase preference, as well as puberty and sleep problems 
was found. These associations did not change after adjusting for chronological age, 
suggesting that pubertal status is intrinsically associated with changes in sleep habits. 
Findings are in line with previous studies in early adolescents and imply that youths expe-
rience detrimental changes in sleep regulation while maturing (Dahl & Lewin, 2002). Sex 
differences regarding the association between puberty and delayed phase preference 
and sleep problems were not found, in spite of the fact that on average the boys in our 
sample were less advanced in their development than the girls. This finding corresponds 
with other studies which found a significant positive relation between puberty and sleep 
problems or delayed phase preference in girls, and a same trend in boys (Carskadon et al., 
1993). Overall, gender did not moderate any of the associations tested.
  Delayed circadian phase preference was positively related to alcohol use, mea-
ning that owl-likes types were relatively more involved in alcohol use than lark-like early-
adolescents. This finding agrees with previous studies in adolescents that reported similar 
differences in alcohol use between morning- and evening-types (Giannotti et al., 2002; 
Tynjälä et al., 1997). Likewise, sleep problems were significantly and positively related to 
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alcohol use, which corresponds with previous studies (e.g., Johnson & Breslau, 2001). 
Whereas most studies to date primarily used single-item measures of sleep problems, we 
used multiple items to assess specific aspects of sleep problems. Trouble getting to sleep 
at night, for instance due to worrying, was related to more drinking. Remarkably, control-
ling for internalizing problems did not affect this relation, suggesting that problems get-
ting to sleep at night could not be explained by underlying symptoms of depression or 
anxiety. This indicates that trouble getting to sleep at night might be a relatively normative 
behavior for early adolescents, but that the degree to which an adolescent experiences 
these problems affects whether or not he or she will drink alcohol. Alternatively, it can-
not be excluded that drinking alcohol might be the cause of trouble getting to sleep at 
night or the shift to later bedtimes in early adolescence. Although an intuitive explanation 
might be that early adolescents who drink alcohol are also the ones that go out at night, 
and thereby going to bed later or experience troubles with getting to sleep due to alcohol 
consumption, it is unlikely that this is the case in the current sample. In the Netherlands, 
early adolescents are not allowed to buy alcohol when they go out at night to bars and 
clubs, and it is therefore unlikely that early adolescents get in touch with alcohol right 
before bedtime, except when allowed to drink at home. It seems more apt that sleep 
problems in early adolescence are an important marker for adolescent alcohol use, like 
Wong and colleagues (2004, 2009) already showed for early childhood sleep problems. 
However, future prospective research should confirm our conclusions.
  Puberty was also directly and positively related to alcohol use, in line with previ-
ous research (e.g., Patton et al., 2004). Moreover, our indirect path model showed that 
including circadian phase preference and sleep problems into the model significantly 
increased the proportion of explained variance in alcohol use. Whereas this study adds 
to the current knowledge that sleep patterns are implicated in adolescent substance use 
behaviors, it remains unclear what the underlying mechanism is. Although it has been 
postulated that sleep problems are simply an epiphenomenon of psychopathological 
symptoms, which are the main cause of alcohol use, this study fails to support such an 
explanation, at least for internalizing or externalizing problems. We believe that sleep pro-
blems in adolescence affect cognitive functioning associated with the prefrontal cortex, 
especially executive functioning such as inhibition, planning and goal-directed behavior. 
It has already been suggested that sleep problems early in life affect executive functio-
ning (Dahl, 1996b). Furthermore, poor executive functioning has been associated with 
alcohol use in adolescence, e.g., in dual process model of addiction (Wiers et al., 2007). 
Future research should focus on executive functions as a possible mediator in the rela-
tion between sleep problems and substance use. 
  This study has some limitations. First, cross-sectional data were used. Although 
findings are promising, this study does not provide any insight into the causality of the 
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effects. It is well possible that alcohol use, even at moderate levels and at a fairly young 
age, could have affected sleep problems as well, equivalent to what has been found in 
adult samples (e.g., Brower, 2001). Future longitudinal studies should be able to clarify this 
matter. Second, more objective measures of sleep, such as polysomnography, should 
also be considered when examining the relation between sleep problems and substance 
use in adolescents. However, to include these kinds of measures in a population study 
is costly. Third, this study specifically focused on alcohol use, while it has been shown 
that consumption of other substances, such as nicotine and marijuana, is also related to 
disturbed sleeping behavior in adolescents (e.g., Cohen-Zion et al., 2009). It would be 
valuable to examine whether the association between sleeping behavior and substance 
use is drug specific. Potentially, use of other drugs could moderate the association bet-
ween alcohol and sleep problems as well. Nevertheless, this is beyond the scope of the 
present manuscript. Fourth, we did not observe sleep problems in other developmental 
stages, such as childhood. It appears that sleep problems are a robust marker of alcohol 
use, even when measured early in life (Wong et al., 2004, 2009). Including both children 
and (early) adolescents in a longitudinal study could shed light on the mechanism by 
which sleep patterns affect substance use and vice versa. A methodological limitation of 
this study was the relatively low recruitment rate. We have no reason to think this affected 
the findings, but generalizability remains a concern.
  Based on the current findings, it seems that puberty-dependent variations in sleep 
behaviour are related to alcohol use. Previous studies already found that alcohol use not 
only causes sleep problems, but sleep problems also precede alcohol use as well, in 
different age groups. Since many teenagers experience sleep problems at least once in 
adolescence, and start experimenting with alcohol in this developmental period, further 
longitudinal research examining the underlying mechanism behind this relation is neces-
sary.
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Table 1
Zero Order Correlations Between All Model Variables
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Table 2
Standardized Estimates of the Additional Path Model Including Internalizing and 
Eternalizing Problems
Note. Figures reflect standardized regression coefficients of the regression paths in the 
model adjusting for internalizing and externalizing problems, age, educational level and 
gender. Fit indexes of the model: df = 25, χ2 = 63.537, p < 0.001, CFI = 0.961, RMSEA = 
0.060, SRMSR = 0.031. *p < 0.05, **p <0.01, ***p < 0.001. 
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Figure 1
Final SEM model 
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Chapter 8
Prospective 
relationships 
between sleep 
problems and 
substance use, 
internalizing and 
externalizing 
problems
Published as:
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Abstract
While research has shown that sleep problems and substance use are reciprocally associ-
ated in adults, much less is known about this association in early adolescence. The main 
aim of the current longitudinal study was to explore bidirectional relationships between 
sleep problems, substance use, internalizing and externalizing problems in young ado-
lescents. A prospective design was used incorporating two waves (approximately one 
year interval). A total of 555 young adolescents (290 females, M age = 13.96) participa-
ted in this study. All participants completed self-report measures in classrooms during 
regular school hours (questionnaires about sleep quality and sleep hygiene were used to 
measure sleep problems). The results indicated that sleep problems predicted changes 
in substance use, internalizing and externalizing problems over time, but problem beha-
viours did not predict changes in sleep problems, adjusted for gender, age and puberty. 
One exception was that alcohol use negatively predicted changes in sleep problems. This 
study suggests that sleep problems are important precursors of substance use, internali-
zing and externalizing problems in adolescence. 
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Introduction
Sleep problems are highly prevalent in adolescents worldwide (Gradisar, Gardner, & 
Dohnt, 2011). Various forms of sleep problems have been concurrently linked to other 
problem behaviours in adolescence and adulthood, particularly substance use (Brower, 
2001; Johnson & Breslau, 2001; Vignau et al., 1997), internalizing (Gregory et al., 2005) 
and externalizing problems (Mayes et al., 2009). The relationship between sleep pro-
blems and substance use in adults appears to have a reciprocal nature: the pharmaco-
logical effects of substances directly affect sleep during the subsequent night, and sleep 
problems predict substance use (problems) over time (Brower, 2001). Studies in adoles-
cents are less abundant, but have shown that sleep problems are related to substance 
use. There is evidence suggesting that sleep problems in childhood are a precursor to 
adolescent alcohol use (Wong, Brower, Fitzgerald, & Zucker, 2004; Wong, Brower, Nigg, 
& Zucker, 2010; Wong, Brower, & Zucker, 2009). In addition, it has been shown that sleep 
problems predict internalizing and externalizing problems in adolescence (Gregory & O’ 
Connor, 2002; Gregory, et al., 2005; Gregory, Rijsdijk, Lau, Dahl, & Eley, 2009; Steele 
et al., 1995). Even though the evidence for a relationship between sleep problems and 
problem behaviors in adolescents is increasing, there is still a need for more studies exa-
mining this relationship prospectively. 
  Adolescents suffer from a wide range of sleep problems: 11-47% of adolescents 
stated to have difficulties initiating and maintaining sleep (Liu & Zhou, 2002; Russo, Bruni, 
Lucidi, Ferri, & Violani, 2007). In addition, 20-25% of adolescents report excessive daytime 
sleepiness (Pagel, Forister, & Kwiatkowki, 2007; Roehrs, Carskadon, Dement, &  Roth, 
2005). Sleep disorders, such as circadian rhythm disorders and insomnia, often have their 
onset during early adolescence (e.g., Johnson, Roth, Schultz, & Breslau, 2006; Thorpy, 
Korman, Spielman, & Glovinsky, 1988). Delayed sleep phase syndrome (DSPS) is a circa-
dian rhythm disorder characterized by abnormal bed- and rise times; these are scheduled 
at a much later time compared to healthy individuals. The prevalence rate of this disorder 
lies between 7-16% in adolescence (e.g., Pelayo, Thorpy, & Glovinsky, 1998). Insomnia 
is thought to occur in 4-10.7% of the adolescent population, while 25% of adolescents 
experience symptoms of insomnia, such as difficulties falling and staying asleep and non-
restorative sleep (Johnson et al., 2006; Ohayon, Roberts, Zulley, Smirne, & Priest, 2000). 
The main focus of the current study is on problems with the process of going to bed and 
falling asleep. 
  Scholars have suggested that the increase in sleep problems is related to changes 
in sleep patterns during the transition from childhood to adolescence. The most pro-
minent changes that take place in the transition to adolescence are (a) delayed phase 
preference, meaning that adolescents gradually prefer later bedtimes and rise times, (b) a 
decrease in the total time that is spent asleep at night and (c) a discrepancyin the timing 
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and duration of sleep on weekdays and weekends. Factors that influence these changes 
in both timing and duration of sleep are suggested to be both intrinsic, related to puberty 
(Carskadon, Vieira, & Acebo, 1993), and extrinsic, related to school, parents, technology 
and the use of substances before bedtime (e.g., Cain & Gradisar, 2010). Although ado-
lescents might experience a wide range of sleep problems, most commonly reported 
difficulties are related to problems going to bed and falling asleep. In the current study, 
a multi-item questionnaire was used to explore problems falling asleep in adolescents. 
Compared to single-item questionnaire that have been employed in previous research, 
this questionnaire may provide a more thorough view on those specific sleep problems. 
  The main aim of the current study is to investigate bi-directional links between 
sleep problems and other problem behaviours in early adolescence. Adolescence is a 
developmental period characterized by biological, cognitive, and social transitions. While 
the maturational changes of adolescence contribute to positive changes in several 
domains, this developmental period is also associated with an increase in emotional and 
behavioural difficulties, at least in susceptible youth. More generally, unhealthy trajec-
tories that begin in this developmental period may increase the long-term course with 
respect to developing future psychopathology, such as depression, anxiety disorders and 
addiction (e.g., Grant & Dawson, 1997). Insights into the mechanisms that are respon-
sible for negative spirals in development that could lead to problem behaviours are of 
great importance. It has been suggested that an early onset of substance use increases 
the odds of developing an addictive disorder (Agrawal et al., 2009; Hingson, Heeren, & 
Winter, 2006). In addition, having an anxiety or depressive disorder in adolescence incre-
ases the odds of having such a disorder in adulthood (Pine, Cohen, Purley, Brook, & Ma, 
1998). Therefore, it is crucial to examine which factors are related to problem behaviours 
in early adolescence. Sleep could be one important factor that predicts problem behavi-
ours in early adolescence.
  Most research on the relationship between sleep and substance use in adolescents 
has been cross-sectional. Over all, the definition of sleep differs widely, although most stu-
dies have explored sleep problems. Holmen, Barrett-Connor, Holmen, & Bjermer (2000) 
have investigated the relationship between smoking and sleep problems. They found that 
daily smoking was related to sleep difficulties in adolescents. They assessed sleep difficul-
ties in a single item questionnaire about problems going to sleep or waking to early. Tynjälä 
and colleagues (1997) examined the interrelationship between substance use, sleep habits 
and perceived tiredness and demonstrated that these factors are interrelated in adoles-
cents. A previous study from our own lab, including data from the first wave of this study, 
showed that sleep problems, such as problems going to bed and falling asleep, were asso-
ciated with alcohol use in adolescents (Pieters, Van der Vorst, Burk, Wiers, & Engels, 2010). 
Our study, as well as other studies, also examined sleep preference, using questionnaires to 
137
explore the extent of morningness/eveningness, also referred to as chronotype, and found 
that more evening-type tendencies were related to alcohol use, cigarette and marijuana 
smoking (Negriff, Dorn, Pabst, & Susman, 2011; Pieters et al., 2010). 
  However, prospective research is key when examining the temporal order of this 
relationship. To date, not many studies have examined the relationship between sleep 
and substance use over time. Wong and colleagues (2004, 2009, 2010) found that sleep 
problems in childhood predicted substance use in adolescence. Roberts, Roberts and 
Duong (2009) showed that insomnia in adolescence predicted substance use over time, 
although others have failed to find a relationship between insomnia and substance over 
time although effects were present concurrently (e.g., Roane & Taylor, 2008). Pasch, 
Latimer, Cance, Moe, & Lytle (2012) have investigated whether sleep duration and pat-
terns, which are detectable in all adolescents and not just a few with sleep problems, 
were related to substance use and indicated that baseline levels of sleep and substance 
use variables were consistently linked, but the pattern was less clear prospectively. 
  In addition, previous research has shown that sleep problems are associated with 
internalizing and externalizing problems (e.g., Gregory & O’ Connor, 2002; Gregory et 
al., 2005, 2009; Steele, Forehand, Armistead, & Brody, 1995). For instance, Gregory and 
O’Connor (2002) showed that sleep problems at age 4 predicted behavioural and emo-
tional problems in mid-adolescence. Moreover, the association between sleep problems 
and depression/anxiety increased with age. Gregory and colleagues (2005) further sho-
wed that sleep problems in childhood predicted anxiety disorders, but not depressive 
disorders, in adulthood. In addition, it was shown by Gregory and colleagues (2009) that 
sleep problems at age 8 predicted depression at age 10. Evidence for the converse was 
not found. Related to externalizing problems, it has for instance been shown that sleep 
problems are highly prevalent in adolescents with Attention Deficit Hyperactivity Disorder 
(ADHD; Gau & Chiang, 2009). 
  Puberty is an important factor related to sleep preference, sleep problems and 
other problem behaviours. That is, previous research indicated that sleep problems were 
more common in youth who were more developed compared to those who were not 
as developed yet (Pieters et al., 2010). In a similar vein, pubertal development has been 
associated with numerous other problem behaviours, in a way that more developed 
youth were more likely to have emotional or behavioural difficulties. For substance use, 
it was found that pubertal stage was associated with higher rates of substance use in 
adolescents independent of age and school grade level (Patton et al., 2004). Data from 
our lab also demonstrated that puberty, sleep and problem behaviours were interrelated, 
such that puberty directly affected problem behaviours, but also indirectly through sleep 
(Pieters et al., 2010). Moreover, it has been shown that puberty is related to increases in 
sensation seeking (review: Forbes & Dahl, 2010). Likewise, pubertal status has been rela-
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ted to depressive symptoms, albeit dependent on the level of peer popularity (Teunissen 
et al., 2011). To conclude, puberty seems to be an important factor influencing both sleep 
and symptoms of psychopathology in adolescence.  
  It has been proposed that sleep problems and other problems behaviours may be 
related based on the observation that sleep deprivation affects brain areas that are asso-
ciated with cognitive control and emotion regulation, processes that are also affected 
in emotional and behavioural problems. Studies have shown that sleep affects so-called 
executive functions (EFs), which are higher order cognitive processes that serve goal-
directed behaviour, such as response inhibition, working memory (or updating) and task 
switching (Miyake et al., 2000; Hofmann, Schmeichel, & Baddeley, 2012). It has been 
shown that sleepiness is related to a poorer performance on EFs tasks (Anderson, Storfer-
Isser, Taylor, Rosen, & Redline, 2009; Hahn et al., 2012). In addition, shorter sleep duration 
was also related to worse executive functioning in children (Astill, Van der Heijden, Van 
IJzendoorn, & Van Someren, 2012). Neuroimaging studies have shown that sleep depri-
vation negatively affects areas related to executive functioning, such as the prefrontal 
cortex (Horne, 1988). EFs have been related to other problem behaviours as well, inclu-
ding risk taking and substance (mis)use (Fillmore & Vogel-Sprott, 2006). In addition, EFs 
have been implicated in several processes related to more internalizing and externalizing 
problems. That is, studies have shown that EFs are compromised in Attention Deficit 
Hyperactivity Disorder (Barkley, 1997). Furthermore, EFs have been shown to be related to 
anxiety and depressive disorders (e.g., Stordal et al., 2004). 
The current study
It has been suggested that the relationship between sleep problems and other problem 
behaviours in adulthood is most likely reciprocal. That is, sleep problems predict problem 
behaviours, while problem behaviors increase sleep problems as well (e.g., Hasler, Smith, 
Cousins, & Bootzin, 2012). In the current study, this reciprocal relationship between sleep 
problems and other problem behaviours is tested in young adolescents. Our main hypo-
thesis is that more sleep problems will predict more substance use, internalizing and 
externalizing problems, in line with previous research and in line with the abovemen-
tioned studies showing effects of sleep on emotion regulation and executive functions. 
Regarding the converse, substance use, internalizing and externalizing predicting sleep 
problems, we have less firm hypotheses. This is due to the fact that previous research did 
not consistently find an effect in that direction (e.g., Gregory et al., 2009). In order to test 
our longitudinal and cross-sectional hypotheses about the relationship between adoles-
cent sleep and substance use, internalizing and externalizing problems, we have used a 
cross-lagged or bi-directional design incorporating two waves, including sleep, substance 
use, internalizing and externalizing problems measures at both waves (Figure 1). 
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Materials and methods
Procedure
Data were derived from the first two waves of a longitudinal study assessing develop-
mental risk and protective factors (e.g., sleep) related to adolescent substance use. A 
total of parents of 1215 adolescents were contacted through schools in the province of 
Gelderland (the Netherlands) to give informed consent for their children to participate in 
the study. Of these, 725 parents provided informed consent. In the current study, data 
were used from 555 adolescents that completed wave 1 (approximately beginning 2008) 
and wave 2 (approximately end of 2008) measurements. These adolescents differed from 
the original 725 adolescents on the Adolescent Sleep Wake Scale (ASWS; LeBourgeois, 
Giannotti, Cortesi, Wolfson, & Harsh, 2005) sleep measures (e.g., experienced more pro-
blems going to bed and falling asleep (p < .005). They did not differ on the cognitive 
Adolescent Sleep Hygiene Scale (ASHS; LeBourgeois et al., 2005) subscale (p > .05). They 
drank less alcohol and used less cigarettes and marijuana than the original 725 adoles-
cents (p < .005). Measurements included self-reports. The testing session was comple-
ted individually under the supervision of a trained research assistant. A unique subject 
number was provided to each participant to ensure anonymity and confidentiality. For a 
detailed description of the procedure, see Pieters and colleagues (2010), who describe 
analyses about sleep and substance use on wave 1. 
Participants
The participants were 555 adolescents (290 girls) with a mean age of 13.96 (SD = .78; 
range 11-16 years). The sample characteristics included: 86.2% had two Caucasian 
parents, 9.7% had a mix of Caucasian and non-Caucasian parents, and 4.2% had two non-
Caucasian parents. Regarding education, 29.1% had attained a vocational level, 28.2% an 
intermediate or basic level and 32.7% a college-preparatory level. A total of 10.1% of the 
participants was in the process of a decision, which is common in the Netherlands in the 
first year of secondary school. 
Measures
•  Sleep problems. Two subscales from the Adolescent Sleep-Wake Scale (ASWS) and 
one subscale from the Adolescent Sleep Hygiene Scale (ASHS; LeBourgeois et al., 
2005) were used in the current study. The subscales measured problems going to 
bed (e.g., try to put off going to bed), falling asleep (e.g., problems going to sleep) and 
cognitive problems (e.g., think of things to do) before bedtime. Rationale for this com-
bination was derived from LeBourgeois and colleagues (2005), who demonstrated 
that among Italian and American adolescents, the cognitive and emotional domains 
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of the ASHS were associated most strongly with quality of sleep. Responses were 
given on 6-point Likert scales ranging from (1) “Never” to (6) “Always”. Higher scores 
indicated more sleep problems (note that this deviates from LeBourgeois and col-
leagues (2005) who developed the questionnaires). Cronbach’s alpha’s were .74, 74 
and .67 respectively. Z-scores were created for all three subscales and a mean of those 
reflects a composite score that was employed in the data analyses. LeBourgeois and 
colleagues (2005) showed that the ASWS and ASHS had an acceptable internal con-
sistency. Storfer-Isser, LeBourgeois, Harsh, Tompsett, & Redline (2013) showed that 
the Adolescent Sleep Hygiene Scale had sufficient psychometric properties. In this 
sample, the Cronbach’s alphas for “going to bed” and “falling asleep”, subscales of the 
ASWS, suggest a good internal consistency, while the Cronbach’s alpha for “cognitive 
problems”, subscale of the ASHS, suggests an acceptable internal consistency.
  Z-scores were calculated for each of the subscales, ASWS going to bed, falling 
asleep and ASHS cognitive. On the subscales, 4.5% of the sample had a Z-score above 
2 on the ASWS going to bed subscale, 3.6% of the sample had a Z-score above 2 on 
the ASWS falling asleep subscale and 2.7% of the sample had a Z-score above 2 on the 
ASHS cognitive subscale. The adolescents with Z-scores above 2 are the ones who 
had the most sleep problems in our sample. Nevertheless, we did not aim to set a 
diagnosis for the youth in our sample, so these results should be taken with caution.
•  Alcohol use. Frequency of alcohol use was used as a measure of adolescents alco-
hol use (Engels & Knibbe, 2000). The adolescents reported the frequency they drank 
alcohol in the past 4 weeks on a 6-point scale (1) “I did not drink alcohol in the past 
4 weeks”, (2) “I drank alcohol 1-3 times in the past 4 weeks”, (3) “I drank alcohol 1-2 
times per week in the past 4 weeks”, (4) “I drank alcohol 3-4 times per week in the 
past 4 weeks”, (5) “I drank alcohol 5-6 times per week in the past 4 weeks”, (6) “I drank 
alcohol every day in the past 4 weeks”. 
•  Smoking cigarettes. The adolescents were asked to report the stage of cigarette smo-
king on a 9-point scale, ranging from 1 (I have never smoked, not even one puff) to (9) 
I smoke at least once a day (Harakeh, Scholte, De Vries, & Engels, 2006; De Leeuw, 
Engels, Vermulst, & Scholte, 2009). 
•  Smoking marijuana. The adolescents were asked to report the frequency of mariju-
ana smoking on a 9-point scale ranging from 1 (I have never smoked, not even one 
puff) to (9) I smoke at least once a day (Harakeh et al., 2006).
•  Internalizing and externalizing problems. The Strengths and Difficulties Questionnaire 
was administered in the current study (Goodman, 1997). We used the ‘internalizing’ and 
‘externalizing’ problems subscales (Dickey & Blumberg, 2004). The psychometric proper-
ties of this questionnaire are good (Muris, Meesters, & Van den Berg, 2003). Cronbach’s 
alpha for ‘internalizing’ and ‘externalizing’ problems were .72 and .69, respectively.
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•  Puberty. For the current study, a self-rating scale for pubertal development was used 
(Carskadon & Acebo, 1993). For example, adolescents were asked to complete items 
about growth of body hair. A total of three items applied to both boys and girls. The 
boys also had to complete items about their level of voice deepening and facial hair 
growth. The girls had to provide information about breast growth and menses. The 
outcome was a score of pubertal development with a higher score reflecting more 
advanced development (see also www.sleepforcience.org). Cronbach’s alpha was .58.
Data Analyses
First, descriptive statistics and correlations are determined to explore means and standard 
deviations of variables of interest and to test associations between sleep problems and 
substance use, internalizing and externalizing problems. Second, a model was tested 
using structural equation modeling using the robust maximum likelihood estimator in 
MPlus version 5.1 (MLR, Muthen & Muthen, 1998-2007). The model tested bidirectional 
associations between sleep problems, substance use, internalizing and externalizing pro-
blems while adjusting for confounders such as puberty, gender, age and education. The 
stability paths were estimated as well as concurrent correlations and these were included 
in the model. Baseline levels of sleep problems, substance use, internalizing and exter-
nalizing problems were controlled for. The fit of the models was assessed with global fit 
indexes: Comparative Fit Index and Root Mean Square Error of Approximation (Muthén 
and Muthén, 1998-2007). 
Results
Descriptive statistics and correlations
Descriptive statistics and Pearson’s correlations at wave 1 are shown in Table 1, for the 
subscales of the sleep measure as well as the composite. 
  Puberty correlated positively with cognitive sleep problems, suggesting that ado-
lescents more advanced in puberty had more cognitive sleep problems or the converse. 
  Substance use was positively associated with sleep problems, implying that ado-
lescents who used more substances had more sleep problems or the converse. The indi-
vidual substances were differently related to sleep problems. Alcohol use correlated with 
all three subscales of the sleep measure. Cigarette smoking was positively associated 
with problems falling asleep and cognitive sleep problems. Marijuana smoking was posi-
tively associated with sleep problems. 
  Internalizing problems were positively associated with problems falling asleep and 
cognitive sleep problems. Externalizing problems were positively associated with sleep 
problems.
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Associations between Sleep Problems, Alcohol Use, Cigarette 
Smoking, Marijuana Smoking, Internalizing and Externalizing 
Problems using Structural Equation Modeling
The fit of the Structural Equation Model (see Figure 1 for a conceptual overview) was 
satisfactory (df = 20, χ2 = 64.17, p < .001, Comparative Fit Index (CFI) = .96, Root Mean 
Square Error of Approximation (RMSEA) = .06, Standardized Root Mean Square Residual 
(SRMR) = .04). The results are shown in Figure 2. Significant paths in the model presented 
in Figure 1 are shown. Not shown are the non-significant paths, concurrent correlations, 
the covariates puberty, age, gender and educational level, and stability paths. The stability 
paths were all significant with betas ranging from .28 (alcohol) to .6 (sleep problems).  
  Sleep problems at wave 1 positively predicted alcohol use, cigarette smoking, 
marijuana smoking, internalizing and externalizing problems at wave 2. Alcohol use at 
wave 1 negatively predicted sleep problems at wave 2, suggesting that drinking alcohol 
results in less sleep problems over time. The effects were significant adjusting for puberty, 
age, gender, education, concurrent correlations at wave 1 and wave 2, stability paths bet-
ween waves and other bidirectional links. 
Discussion
Sleep problems in adolescents are highly prevalent (Gradisar, Gardner, & Dohnt, 2011). 
Research has shown that sleep problems are bi-directionally associated with affective 
problems and problem behaviours, such as substance use, anxiety and depression, in 
adults (e.g., Brower, 2001). In adolescents, much less is known about the relationship 
between sleep problems and problem behaviours, although this developmental period 
is marked by vital changes in sleep and emotional and behavioural processes. Previous 
cross-sectional research has shown that sleep problems were related to substance use, 
internalizing and externalizing problems in adolescence (e.g., Holmen et al., 2000). 
However, to date, longitudinal research is less abundant. We sought to investigate the 
bidirectional links between sleep problems, substance use, internalizing and externalizing 
problems. We hypothesized that sleep problems would predict problem behaviors, based 
on previous research, and based on studies showing an effect of sleep deprivation on 
processes associated with problem behaviours, such as emotion regulation and execu-
tive functions. However, regarding the converse, previous research is equivocal: some fail 
to find a predictive effect of problem behaviours or find effects that are counterintuitive. 
Therefore, we had less clear expectations of the converse, even though the relationship 
seems to be reciprocal in adults. 
  The results of the model showed that sleep problems at wave 1 predicted wave 2 
substance use, internalizing and externalizing problems. Note that the results for the rela-
tion between sleep problems and alcohol use represent a trend effect, so results should 
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be taken with caution. The reverse pattern was not significant (substance use, internali-
zing and externalizing problems at wave 1 predicting sleep problems at wave 2), except 
for alcohol use, which negatively predicted sleep problems at wave 2. This is in line with 
previous longitudinal research, indicating that childhood sleep problems predicted onset 
of alcohol, cigarette and marijuana use, and internalizing and externalizing problems in 
adolescents (e.g., Wong et al., 2009). In addition, it has been shown that sleep problems 
at age 8 predicted depression at age 10, but not the converse (Gregory et al., 2009). 
Moreover, sleep problems at age 4 predicted depression, anxiety, attention problems and 
aggression in mid-adolescence, but not the converse (except for attention problems, 
Gregory & O’Connor, 2002). 
  Alcohol use seems to be the only exception among other symptoms of risk for 
psychopathology: the more alcohol adolescents used, the less sleep problems adoles-
cents had over time. One possibility is that this association is a first sign of an internalizing 
pathway to problematic alcohol use: there is some evidence that internalizing problems 
are not related to early onset of alcohol and drug use (for anxiety there is some evidence 
of a delay in onset), but that once drinking is begun, escalation takes place more rapidly 
(Saraceno, Munafó, Heron, Craddock, & Van den Bree, 2009). Alcohol use may thus be 
related to worry or stress at first, which may result in sleep problems over time, such that 
both repeated stress and alcohol use have negative effects on sleep. 
  Even though the results of our study suggest a predictive effect of sleep problems 
on substance use, it is less clear from our study what the underlying mechanism might 
be. Future research might investigate the exact way sleep problems affect substance use, 
internalizing and externalizing problems. As mentioned in the introduction, sleep pro-
blems or deprivation affects executive functions (EFs), such that processes involved in 
the attainment on long-term goals become compromised. Dual process models put for-
ward that addiction is the product of an imbalance in the interplay between drug-specific 
impulsive processes and reflective processes (e.g., Wiers et al., 2007). With repeated drug 
use, drug-specific impulsive processes become stronger, while the ability to reflect on 
behaviour becomes weaker. As a result, drug-related paraphernalia activate automatic 
associations in memory, capture attentional processes compulsorily, and stimulate an 
automatic approach behaviour towards the drug. Because the ability to reflect on beha-
viour is compromised, these impulsive processes predominate reflective processes and 
new drug use is incited relatively involuntarily. We consider, based on the above, that the 
effect of impulsive processes on substance use is larger when adolescents suffer from 
sleep problems, since these problems affect executive functions in adolescents. Studies 
have also shown that when executive functions are weak, impulsive processes predict 
behavior. When executive functions were strong, reflective processes predict behaviour 
(e.g., Thush et al., 2008; Grenard et al., 2008).
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  With respect to impulsive processes, an exciting new area of research aims to 
investigate the relationship between sleep and reward-related brain networks in adoles-
cence. A functional Magnetic Resonance Imaging (fMRI) study investigated the effect 
of sleep deprivation on reward-related brain function and found that adolescents with 
less adequate sleep displayed less activity in the caudate during reward anticipation and 
reward outcome (Holm et al., 2009). It is speculated that adolescents with less activity in 
reward related brain circuits have a tendency to compensate for this lack by engaging in 
reward-driven behavior. One example would be related to substance use.
  Several caveats must be stated. First, in this study, self-reports were used exclu-
sively. Sleep diaries combined with actigraphy might provide a more reliable source of 
information compared to self-reports asking adolescents to recall information about their 
sleep/wake rhythm. Second, we did not investigate other important factors related to 
sleep problems as well as substance use (e.g., environmental factors). Nonetheless, this 
study is one of the first to explore the bi-directional relationship between sleep, substan-
ce use, internalizing and externalizing problems in adolescence. 
Conclusion
This study investigated bidirectional relationships between sleep problems, substance 
use, internalizing and externalizing problems. A longitudinal design was used, including 
two waves. It was demonstrated that sleep problems predicted substance use, internali-
zing and externalizing problems, but not the other way around, except for alcohol use. 
These findings show that sleep problems are vital in delineating factors related to ado-
lescent substance use. It appears, from the studies described above, that sleep problems 
are related to several  processes undergoing significant development in adolescence. We 
speculate that inadequate sleep, in combination with the effects of puberty, affects execu-
tive functions and reward processing such that adolescents are more inclined to engage 
in sensation seeking, have more emotional difficulties and associated problems. Future 
research should investigate links between sleep and these systems in adolescence. Since 
adolescence is a period in which the brain reorganizes in terms of reward processing, it 
is very interesting to see how this relates to sleep. Understanding these processes could 
inform prevention and intervention programs for several psychopathological conditions. 
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Table 1 
Correlations between Sleep Problems and Other Study Measures at Time 1
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Figure 1
Theoretical Model
Note. Theoretical model including the regression paths of interest and all stability paths. 
Not included in this model are the concurrent correlations between all measures at Time 
1 and at Time 2 and the covariates puberty, age, gender and educational level. These 
were included in the analyses, but are not included for a clear presentation of the model. 
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Figure 2
Model Results
Note. Model results including the regression paths of interest. Significant paths were 
shown exclusively. 
*p < 0.05, **p < 0.01, ***p < 0.001, # p = .056.
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Chapter 9
General 
Discussion
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The main aim of this dissertation was to contribute to the understanding of alcohol use in 
youth by focusing on the dual process model and sleep. In this last chapter, the results of 
the studies will be summarized and discussed. 
Overview of Results
  In chapters 2-5, implicit and explicit alcohol-related cognitions were described. 
Results of chapter 2 showed that alcohol-related memory associations were related to 
alcohol in 11-12 year old children, but not in 10 year old children (in which a slightly dif-
ferent task was used). Memory associations were related to alcohol use, such that invol-
vement in alcohol use was associated with a stronger association between alcohol and 
angry faces as opposed to alcohol and happy faces. Stronger arousal expectancies were 
related to alcohol use, whereas sedative expectancies were not. Positive expectancies 
predicted alcohol use in 10 year old children. Negative expectancies did not. The more 
fathers drank, the more negative associations their offspring had, in the older children. 
Also, the more fathers drank, the stronger the explicit arousal expectancies of their child-
ren, in the older children.
  In chapter 3, it was demonstrated that working memory capacity did not mode-
rate the relation between approach tendencies and alcohol use in young adolescents. 
Nevertheless, rule-setting by parents did moderate the relation between approach ten-
dencies and alcohol use in young adolescent boys. The relationship between the SRC 
score was stronger for male adolescents with permissive parents, compared to those 
with parents who were less permissive, while a negative relationship was found for male 
adolescents with strict parents. 
  In chapter 4, it was shown that implicit cognitions did not predict alcohol use over 
time, while explicit cognitions did. Further, the interaction between implicit and explicit 
cognitions did predict prospective alcohol use. Positive expectancies predicted changes 
in alcohol use, and this effect was qualified by an interaction between positive expectan-
cies and alcohol associations (assessed with the Implicit Association Task, IAT). Moreover, 
alcohol-approach tendencies, as assessed with the Stimulus Response Compatibility 
(SRC) Task predicted changes in alcohol use only when negative expectancies were low.
  Chapter 5 showed a relationship between attentional bias and alcohol use solely 
for young adolescents with an OPRM1 risk profile. Unfortunately, the moderating effect 
of the DRD4 gene could not be examined in the sample of young adolescents, because 
the allele frequencies did not conform to the population distribution (HWE). In the heavy 
drinking young adults, the OPRM1 gene did not moderate the relation between attentio-
nal bias and alcohol use. The DRD4 gene did; results showed a relation between attentio-
nal bias and alcohol use solely in heavy drinking young adults with a DRD4 risk profile. 
  In chapter 6, genetic polymorphisms in the dopamine (DRD2) and opioid (OPRM1) 
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system were studied. Results of chapter 6 indicated that alcohol-specific parental rule-
setting was related more strongly to alcohol use in those adolescents with DRD2 or 
OPRM1 risk alleles. 
  Sleep was examined in chapters 7 and 8. Results of chapter 7 showed a positive 
relationship between pubertal status and alcohol use. Sleep problems and preference 
mediated this relationship. Results of chapter 8 showed that sleep problems predicted 
substance use, internalizing and externalizing problems. Substance use, internalizing and 
externalizing problems did not consistently predict sleep problems. 
Implicit Cognitions
This dissertation showed that the relation between implicit cognitions and the early pha-
ses of adolescent alcohol use is complex and not straightforward. That is, implicit cogni-
tions are not consistently related to alcohol use in the different studies described in this 
thesis. 
  In chapter 2, relatively strong negative memory associations with alcohol were 
found in children. These associations were related to alcohol use in 11-12 year olds, but 
not in 10 year olds. A difference between the two studies shown in chapter 2 is that in the 
younger children, faces of children were used as stimuli in the IAT, while faces of adults 
were shown in the older children. It might be due to this difference in task stimuli that 
we did not find a relation between memory associations and alcohol use in the younger 
children or that there are actual developmental differences in this relation.
  To the best of our knowledge, not many studies have examined implicit measures 
related to alcohol use in children. One of the reasons that this group has not received 
much attention may be related to the fact that the vast majority of these children do 
not drink alcohol yet, or only began to try it (e.g., sipping). In children who never drank 
alcohol before, it was demonstrated with a priming paradigm that children had stronger 
positive relative to negative implicit alcohol cognitions (O’Connor, Fite, Nowlin, & Colder, 
2007). O’Connor, Lopez-Vergara and Colder (2012) showed in a larger sample that child-
ren, with different drinking statuses, had stronger negative compared to positive asso-
ciations with alcohol in an Implicit Association Test (IAT). In sum, research concerning 
implicit cognitions related to alcohol use in children is only beginning to emerge. Future 
prospective research should examine whether and how implicit alcohol cognitions are 
related to the onset of alcohol use. 
  The rest of the chapters concerning implicit measures related to alcohol use were 
based on adolescents and adults, with more experience with alcohol (i.e., more than 
sipping). In chapter 5, no direct relation was found between attentional bias and alcohol 
use in this sample of young adolescents or in a sample of heavy drinking young adults. 
Yet, a relation between attentional bias and alcohol use was found for a specific group 
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of genetically vulnerable adolescents and young adults. The OPRM1 gene moderated the 
relation between attentional bias and alcohol use in adolescents, while the DRD4 gene 
interacted with attentional bias in young adults. In chapter 3, approach tendencies were 
directly related to alcohol use, such that approach tendencies predicted more alcohol 
use. However, this direct relation was qualified by an interaction with alcohol-specific 
parenting. In chapter 4, no evidence was found for a direct relation between implicit pro-
cesses and alcohol use, when approach tendencies, attentional bias, and memory asso-
ciations were entered into the regression equation all at once. It should be stressed that 
in chapter 4, an integrative multivariate model was tested with the longitudinal data we 
had available. Yet, the interactions reported here seem to be somewhat random, while 
other, expected, interactions were not statistically significant. 
  In sum, only some partial evidence was found supporting a direct relationship 
between implicit measures and alcohol use in young adolescents. Since the sample sizes 
in most of our studies were considerable (especially our longitudinal analysis; N>200), 
we hypothesize that the negative results are unlikely to be due to low statistical power. 
Our findings are not entirely in line with other research. Regarding young adolescents, 
approach biases have been shown in drinkers compared to abstainers, especially in ado-
lescents who were less able to inhibit behaviour (Peeters et al., 2012, 2013). However, the 
two studies by Peeters and colleagues (2012, 2013) investigated adolescents with exter-
nalizing problems enrolled in special education. These adolescents are thought to have 
a higher a priori likelihood of an early onset of alcohol use or alcohol problems, and thus 
may not provide a good comparison with our data. 
  More comparable, regarding this issue, with our data, is the study by Willem, 
Vasey, Beckers, Claes and Bijttebier (2013), who demonstrated that approach bias was 
related to alcohol use in older male adolescents, with no significant moderation by inhi-
bitory control. Attentional bias was associated with alcohol use, only in those with low 
attentional control. Others, however, did not find a relation between approach bias and 
alcohol use in adolescents (Van Hemel – Ruiter, De Jong, & Wiers, 2010). We did not find 
any conclusive pattern of results pointing towards a direct relation between approach or 
attentional bias and alcohol use either. This could be the result of the fact that the ado-
lescents in our studies drank little alcohol. Implicit processes, including attentional bias, 
have been shown especially in heavy compared to moderately drinking adolescents (e.g., 
Field, Christiansen, Cole, & Goudie, 2007). We did find moderating effects of genetic 
vulnerability and alcohol-specific parenting on this association, suggesting that in adoles-
cents, only in specific (risk) groups there is a relation between approach and attentional 
biases and drinking. It is imperative that these findings are replicated before more confir-
mative conclusions are drawn.
  In a normative group of young adolescents as well, Thush and Wiers (2007) 
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demonstrated (in 15 year olds) stronger positive associations and weaker negative associ-
ations with alcohol in drinkers than in abstainers. In addition, implicit arousal associations 
were stronger in male drinkers than abstainers. Girls who drank alcohol had stronger 
sedation associations than girls who did not drink alcohol. Binge drinking one year later 
was predicted by positive and arousal associations. We did not find an effect of arousal 
associations (while measured with the same IAT as Thush & Wiers used in their 2007 
study) on alcohol use over a period of 1 year. Again, this might be explained by differen-
ces in sample characteristics with heavier drinking adolescents in the Thush and Wiers 
(2007) study. Given the mixed results in recent studies we strongly encourage scholars 
to set up longitudinal and experimental studies to elucidate the relation between implicit 
processes and alcohol use in young adolescents. 
  Chapters 3, 4 and 5 describe attentional and approach biases towards alcohol. 
We have used these terms rather loosely to indicate the types of biases that we were 
interested in. However, the approach and attentional bias did not differ significantly from 
zero, or, the main reaction times in both types of trials (probes replacing alcohol vs. soft 
drinks; approach or avoid alcohol) did not vary significantly. Another reason why these 
processes were not consistently related to drinking could be due to the fact that the 
magnitude of the biases was too small (e.g., Field, Christiansen, Cole, & Goudie, 2007).
Young Adolescents’ Alcohol Use and 
the Dual Process Model
The fact that we did not find substantial support for a direct relation between implicit 
processes and alcohol use may be due to the amount of alcohol that was consumed by 
the adolescents in our studies. For example, most young adolescents in the longitudinal 
study drank (on average) 1-3 times per month. On average, they drank only one glass 
of alcohol per week. The incentive sensitization theory proposes that frequent alcohol 
use leads to neuroadaptations in the dopamine reward system. These neuroadaptations 
would be responsible for impulsive processes related to alcohol use (e.g., approach ten-
dencies and attentional bias; Robinson & Berridge, 2003; Wiers et al., 2007). Based on 
the results of our studies, we speculate that the frequency and intensity of alcohol use 
needed for neural sensitization and its hypothesized behavioural manifestations (attentio-
nal and approach bias) were not reached by most of the adolescents in our longitudinal 
study. Future research should examine what amounts of alcohol, and over which periods 
of time, in which specific developmental groups, are able to lead to neural sensitization. 
One way to examine this would be to carry out neuroimaging studies investigating the 
neural responses to alcohol cues in different developmental stages. 
  According to dual process models, the ability and motivation to control behavior 
should be of a certain quality to allow people to override the effect of implicit processes. 
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The capability to inhibit certain impulses is dependent on so-called executive functions, a 
collection of associated cognitive processes involved in regulating behavior. Three cate-
gories of executive functions have been defined: response inhibition, working memory 
(or updating) and task switching (Miyake et al., 2000; Hofmann, Friese, & Wiers, 2012). In 
this dissertation, the focus was on working memory: the ability to momentarily store and 
process information. Working memory has been related to fluid intelligence and school 
performance (Engle, Tuholski, Laughlin, & Conway, 1999). A few previous studies showed 
that implicit measures predicted alcohol use more strongly in at-risk adolescents from 
continuation high schools, with low working memory capacity levels (e.g., Thush et al., 
2008; Grenard et al., 2008). 
  We did not find evidence for an interaction between implicit processes and wor-
king memory capacity on alcohol use in our studies. One argument could be that we 
used a different Self Ordered Pointing Task (SOPT) than other studies that did demonstra-
te an interaction (e.g., Thush et al., 2008; Grenard et al., 2008). For instance, Grenard and 
colleagues (2008) used six versions of the SOPT, all with 12 trials. Thush and colleagues 
(2008) used 3 versions of the SOPT, all with 12 trials, but only with concrete items (e.g., 
calculator, bus, stopwatch). We used four versions of the SOPT, two with 9 trials and two 
with 12 trials (abstract and concrete). It could be that our variant was a bit more difficult, 
compared to the one that Thush and colleagues (2008) utilized. Yet this is speculative 
and upcoming studies should explore the exact effect of working memory capacity on 
the relation between implicit cognition and alcohol use. 
  Future studies might benefit from including measures of various categories of exe-
cutive functions. These may include measures of executive attention, inhibitory control, 
and affect regulation, as these have been shown to independently moderate the effect of 
automatic processes on subsequent behavior (Hofmann, Friese, & Roefs, 2009). 
  Dual process models suggest that the ability to overrule impulses is not enough 
to regulate the effect of implicit processes; people should also be motivated to alter 
their behavior. In chapter 3, we found that approach tendencies only positively predicted 
alcohol use in adolescent boys when levels of alcohol-specific parental rule-setting were 
relatively low. Strict alcohol-specific parenting may thus be internalized by adolescents as 
a motivation to control their alcohol use. 
  Negative expectancies would be related to motivation to control alcohol use as 
well. Studies have shown that negative expectancies negatively predicted alcohol use 
one and two years later (Grube & Agostinelli, 1999; Thush & Wiers, 2007). We did not 
find support for this in chapter 4. In contrast, positive expectancies did predict changes 
in alcohol use. This is in line with studies that have shown that negative expectancies are 
not associated with the emerging stages of alcohol use, while positive expectancies do 
predict concurrent and later alcohol consumption (e.g., Fromme, Stroot, & Kaplan, 1993; 
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Patrick, Wray-Lake, Finlay, & Maggs, 2009). It has been suggested that negative expec-
tancies only begin to predict less alcohol use in later stages, for instance in relation to 
problematic use or in older adults (Jones & McMahon, 1996). 
Sleep
Studies in adults have shown bidirectional associations between sleep and substance use 
(e.g., Brower, 2001). Yet, research in adolescents is scarce. Some studies have shown that 
inadequate sleep in childhood predicted an (early) onset of substance use in adolescence 
(Wong, Brower, Fitzgerald, & Zucker, 2004; Wong, Brower, Nigg, & Zucker, 2009; Wong, 
Brower, & Zucker, 2010). A positive association between puberty, sleep problems and 
alcohol consumption was found in chapter 7. In chapter 8, we further showed that sleep 
problems are a precursor of substance use in adolescents. 
  These studies indicate that adequate sleep in adolescence can serve as a critical 
protective factor in adolescent development, for instance by protecting against (an early 
onset of) substance use. Studying sleep in adolescence is relevant, because sleep under-
goes significant changes during this developmental period. These difficulties are thought 
to be due to an interaction between a wide range of biological, associated with puberty, 
and psychosocial factors. As a result of these changes, adolescents may experience sleep 
difficulties. 
  A recent prospective study indicated that relatively more sleep on weekdays and 
total sleep predicted less cigarette and marijuana use (Pasch, Latimer, Cance, Moe, & 
Lytle, 2012). More weekend sleep also predicted less past month smoking. Regarding 
alcohol use, this study showed that greater weekend sleep delays predicted alcohol use. 
Results of this study also showed that cigarette use predicted less weekend sleep and 
total sleep, and alcohol use predicted less weekend sleep and less oversleeping during 
weekends. Marijuana use predicted more weekend sleep and total sleep and more over-
sleeping on weekends. The authors adjusted for confounders including gender, age, 
pubertal status and depression (Pasch, Latimer, Cance, Moe, & Lytle, 2012). These findings 
are somewhat in line with our results. That is, we found that poor sleep was prospecti-
vely related to relatively high alcohol, cigarette and marijuana consumption, adjusting for 
potential confounders including pubertal status, internalizing and externalizing problems. 
Nevertheless, we did not find overwhelming evidence that substance use predicted sleep 
problems, with the exception of alcohol use. We found that more alcohol use was related 
to less sleep problems. An important difference between the former study and our study 
is that we examined sleep quality and sleep hygiene, instead of sleep duration and related 
variables.
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How is Sleep Related to  
Substance Use?
More specifically, there are several levels at which sleep might be related to substance 
use, misuse and addiction. For instance, research has shown that addiction has nega-
tive emotional consequences that help to maintain the disorder (Baker, Piper, McCarthy, 
Majeskie, & Fiore, 2004), but could also have a negative effect on sleep (Hasler, Smith, 
Cousins, & Bootzin, 2012). This is in line with models stating that sleep disturbances func-
tion as nonspecific stressors which result in a vulnerability for excessive substance use. 
It is suggested that for instance hyperarousal may increase substance use from a self-
medicating perspective. 
  On another level, one can consider specific moments during the day when it is 
most expected that individuals will use substances (Hasler et al., 2012). For instance, it 
could be that those individuals use stimulants during the day to stay awake when sleepy 
and oppose hypo-arousal (i.e., in adolescents, one can also think of a potential role for 
specific caffeinated beverages), and alcohol to aid in the process of falling asleep, for 
instance by the false idea that alcohol may reduce hyper-arousal, while it actually results 
in erratic sleep. This suggestion is in line with Borbely’s theory of sleep regulation, posi-
ting that two processes work in concert to regulate sleep/wake behavior, including a 
homeostatic process “S” and a circadian process “C” (Borbely, 1982). Process “S” relates 
to sleep pressure, which is accumulated during the day and diminishes during sleep, 
and process “C” is associated with circadian factors triggering sleep (e.g., time of day). At 
moments when these processes are misaligned, windows of vulnerability may arise inci-
ting individuals to use substances (Hasler et al., 2012). Yet, not many Dutch adolescents 
drink alcohol on weekdays at home, so this proposed relationship is a matter of debate. 
  Sleep can also affect several paths in the dual process model. Neuroimaging stu-
dies have provided initial evidence that inadequate sleep in adolescents is related to chan-
ges in neural systems that underpin motivation and reward-seeking, such as the dopa-
mine reward system (e.g., Holm et al., 2009; Gujar, Yoo, Hu, & Walker, 2011). Changes in 
these same neural systems also have been hypothesized (e.g., by dual process models) as 
playing a key role in the development of addictive disorders. 
  As has been stated above, sleep may be related to substance use on the level 
of appetitive motivational processes. The neural underpinnings of these processes have 
often been related to neural networks encompassing the dopamine reward system. 
Indeed, recent insights in neuroscience have shown that sleep deprivation is related to 
altered processing of reward-related information. While some studies indicated hypo-
activity in regions associated with the reward system, others have found hyper-activity 
in related networks (e.g., Holm et al., 2009; Gujar, Yoo, Hu, & Walker, 2011). Interestingly, 
hypo-activity in the dopamine reward system has been associated with increased sen-
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sation seeking and impulsivity (playing a role in substance use), while hyper-activity has 
been related to processes such as neural sensitization, implying that sensory cues (e.g., 
substance use paraphernalia) gain increased salience. Therefore, we speculate that sleep 
deprivation may also be related, on another level, in drinkers, to attentional and approach 
biases towards alcohol cues, because those biases are thought to be associated with 
dopamine sensitization. Future research should examine the exact effect of sleep on 
implicit alcohol-related processes. In addition, it is interesting to see whether sleep and 
alcohol use have overlapping effects on more general systems governing affect and to 
explore whether this is only the case in heavy drinkers, or in young adolescents as well.
  Sleep and circadian rhythms are also related to the ability to control behavior, 
often measured in tasks of executive functions. It has been shown that sleepiness, but 
not shorter sleep duration, was related to a poorer performance on executive functions 
in adolescents (Anderson, Storfer-Isser, Taylor, Rosen, & Redline, 2009; Hahn et al., 2012). 
Astill and colleagues (2012), in a meta-analysis, have shown that, in children aged 5-12, 
shorter sleep duration, but not poorer sleep efficiency, was associated with worse execu-
tive functioning. Neuroimaging studies have also shown that sleep deprivation negatively 
affects areas related to executive functioning, such as the prefrontal cortex (Horne, 1988).
  With respect to one of the specific executive functions that are proposed to be 
most important in dual process models, research has indicated that insufficient sleep 
(< 8 hours per night) was negatively associated with performance on complex working 
memory tasks. Sleep duration between 8-9 hours was found to be optimal for perfor-
mance on complex working memory tests, while no differences were found between 
insufficient sleepers and optimal sleepers (> 9 hours per night), suggesting that there is 
an inverted U-shape relation between sleep and complex working memory performance 
(Gradisar, Terrill, Johnston, & Douglas, 2008). Other studies have confirmed the hypo-
thesis that sleep is especially vital for performance on complex and not simple working 
memory tasks (Kopasz et al., 2010).
  Because sleep problems affect executive functions, one could argue that chronic 
sleep problems may increase the effect of implicit processes on behaviour. Adolescents 
with sleep problems may thus form a risk group for whom the effects of implicit proces-
ses are larger, because the ability to control these processes is diminished. 
Limitations
The studies in this dissertation have several limitations. First, alcohol use was measu-
red using self-report retrospective questionnaires in all of the studies. It has been argued 
that adolescents may underreport their alcohol use because of the retrospective nature 
of the questionnaire (e.g., Leigh, Gillmore, & Morrison, 1998). Yet, comparing retrospec-
tive questionnaires and drinking diaries, it was reported that questionnaire reports regar-
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ding frequency and quantity of drinking were quite reliable (Koning, Harakeh, Engels, & 
Vollebergh, 2010). In addition, adolescents may underreport their alcohol use because 
of social desirability. That is, adolescents may report less alcohol use because they are 
afraid that others may disapprove their alcohol use. We tried to overcome this problem 
by ensuring confidentiality and anonymity to our participants, which has been found to 
increase the reliability (Sobell & Sobell, 1992). Based on these results, we argue that the 
alcohol use data that were used in this dissertation were most probably reliable, especi-
ally since we mainly used frequency and quantity questionnaires (e.g., Engels & Knibbe, 
2000; Koning et al., 2010).
  Second, the indirect measures that were used in this dissertation (e.g., Stimulus 
Response Compatibility Task, Implicit Association Test, Visual Probe Test) have been dis-
puted in terms of reliability and validity. For instance, the Visual Probe Test, assessing 
attentional bias for alcohol or tobacco, was found to have a very poor internal reliability 
when data from seven studies were included (Ataya et al., 2012). In future studies, this 
may be overcome to some extent by making a personalized version of the Visual Probe 
Test, by including only those stimuli that are preferred alcoholic beverages by the partici-
pant under study (e.g., beers of brand X; Field & Christiansen, 2012). Furthermore, studies 
may want to include eye movement measures of attentional bias, since these have been 
found to be more reliable than reaction time data (e.g., Christiansen, Cole, & Field, 2012; 
Field & Christiansen, 2012). The IAT has a moderate internal consistency and test-retest 
reliability (De Houwer, 2009; Nosek, Greenwald, & Banaji, 2007). However, the unipolar 
IAT that we used in our studies has a somewhat lower internal consistency (Houben & 
Wiers, 2008). Future studies should carefully examine which paradigm is most applicable 
to that specific research question. Questions one may want to ask before choosing a 
paradigm or changing one, are whether differences are expected at the category or the 
exemplar level, whether a relative or absolute measure should be chosen and the stimuli 
to be included in the paradigm (see also Roefs et al., 2011). 
  Third, our longitudinal study was set up in such a way that the time between waves 
was relatively short (i.e., approximately one year). As a result, alcohol use may not have 
increased that much between waves. Future research should therefore consider longer 
times between waves, or more waves over an extended period of time, to get a complete 
picture of the development of implicit processes and alcohol use (also more frequent or 
higher in intensity) in adolescence. 
  Fourth, in some of the indirect measures that were utilized in our studies, such 
as the VPT and SRC, alcohol cues were contrasted with soft drink cues. That we did not 
find a strong attentional/approach bias towards alcohol in heavier drinkers could also 
be related to the idea that these youngsters are generally more focused on all kinds of 
salient cues (e.g., caffeinated beverages as well as alcohol). Subsequent research should 
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therefore examine whether attentional bias towards alcohol is more pronounced in these 
adolescents when the control cues are more neutral, instead of incentives in themselves. 
  Fifth, the effect of social factors on the development of implicit alcohol cogni-
tions was not comprehensively investigated in our studies. In chapters 2, 3 and 6, we 
did examine effects of parental drinking and parental rule-setting. Our data showed that 
paternal drinking predicted more negative implicit associations in chapter 2. In chapter 
3, the association between approach bias and alcohol use was moderated by parental 
rule-setting. Although the effect of parents on the development of these processes was 
not the main focus of this dissertation, these findings indicate that future research on 
dual process models should incorporate these kinds of factors more systematically. Next 
to parental factors, effects of friends’ alcohol use, or friends’ attitudes or norms towards 
drinking, would be highly interesting to examine. We have examined these factors in our 
longitudinal study, and will study these effects in future analyses. 
  Sixth, sleep problems were assessed with a questionnaire (i.e., sleep quality and 
sleep hygiene; LeBourgeois, Giannotti, Cortesi, Wolfson, & Harsh, 2005). The cognitive 
model of insomnia states that in the initial stages of the disorder people tend to overes-
timate the amount of problems that are experienced, including underestimating sleep 
duration and overestimating sleep latency as well as the daytime results of having trou-
ble sleeping at night (Harvey, 2002). It could be that the adolescents in our studies also 
overestimated the amount of sleep problems they had. In subsequent studies, it would 
be important to include a more objective measure of sleep problems (e.g., actigraphy or 
polysomnography), as well as self reported problems.
  Another reason why implicit processes were not related to alcohol use in our sam-
ple may be related to the “probability of receiving alcohol” during the time the tests were 
completed. Field and colleagues (2011) have shown that in heavy drinkers, an attentional 
bias towards alcohol can be seen whether the heavy drinker expects that alcohol will be 
available soon or not. In light drinkers, it was shown that only in conditions were there 
was a 100% probability of alcohol availability, attentional bias emerged. In our sample, 
we may not have found a strong attentional bias towards alcohol because all tests were 
administered in light drinkers, at school, where no alcohol was available.
  Furthermore, we did not have the chance to replicate our studies. This is especi-
ally relevant for our gene x environment study (chapter 6) and the study where we found 
initial evidence for an interaction between implicit processes and genetic polymorphisms 
(chapter 5). Therefore, future research should replicate these studies in order to examine 
whether these results are not false positives. 
  Last, the adolescents who completed all measurements differed significantly from 
those who participated in only one or two waves. The drop out between waves was sub-
stantial. For instance, the adolescents who also participated in wave 2 of the longitudinal 
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study drank less alcohol than the adolescents who participated only in wave 1. Therefore, 
it is dubious whether this sample was a representative sample. 
Implications for Prevention and 
Intervention
Recently, a series of treatments have been designed to reduce substance use by targe-
ting implicit processes. In approach bias re-training, irrelevant-feature approach avoidan-
ce tasks have been modified such that neutral pictures come more often in the format 
(e.g., portrait vs. landscape) that is approached/pulled, and drug-related pictures are pre-
sented more in the format that is avoided/pushed. In alcoholic inpatients, four sessions 
of approach bias retraining resulted in an avoidance bias towards alcohol. Importantly, 
better treatment outcomes were observed after a year (Wiers, Eberl, Rinck, Becker, & 
Lindemeyer, 2011), a finding recently replicated (Eberl et al., 2013). 
  In attentional re-training, Visual Probe Tests are modified to decrease automatic 
attention towards drug-related stimuli. That is, probes are presented more often on the 
position of the neutral picture compared to the drug-related picture. Repeated atten-
tional retraining (i.e., five sessions) in alcoholic patients showed that this is an efficient 
training method, when pictures are presented for 500 ms. (Schoenmakers et al., 2010). 
Studies using a single session did find effect on attentional bias related to alcohol use and 
smoking, but these effects were short lasting, did not generalize to other picture or tasks 
of attentional bias or behavior (e.g., Atwood et al., 2008; Field et al., 2009; Schoenmakers 
et al., 2007). Based on the studies in this dissertation, it is not recommended to include 
Cognitive Bias Modification (CBM; i.e., approach and attentional retraining) procedures 
in prevention programs that universally target adolescents. Instead, these CBM procedu-
res could be targeted at specific adolescents, such as those adolescents who lack any 
alcohol-specific parental rules at their homes, or drink excessively; hence more targeted 
prevention.
  Alternatively, adolescents lacking any alcohol-specific parental rules at their 
homes could benefit from a different type of intervention, such as Prevention of Alcohol 
use in Students (PAS). It has been shown that the intervention that targets both adoles-
cents and adults was successful in postponing the onset of weekly drinking (Koning et al., 
2009). Interestingly, a more recent study indicated that this was only true for adolescents 
who had lower self-control at baseline and parents who were more lenient at baseline 
(Koning, Verdurmen, Engels, Van Der Eijnden, & Vollebergh, 2012). 
  Finally, although this type of intervention has not received a lot of attention to date 
in the context of substance use, it might be a good idea to intervene on the level of sleep. 
The preferred type of intervention for sleep problems is Cognitive Behavioral Therapy 
(CBT). Recently, De Bruin, Oort, Bögels, & Meijer (2013) developed an online version of 
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this intervention. The components in the intervention include sleep hygiene and psycho 
education, sleep restriction, stimulus control, cognitive therapy and relaxation, based on 
previous, effective, insomnia interventions (Morgenthaler et al., 2006; Morin, 1999; Morin, 
2004). 
Conclusions and New Directions
The dual process model suggests that, when alcohol use becomes more severe, cues eli-
cit impulsive reactions due to dopamine sensitization processes. We demonstrated that, 
in the early stages of alcohol use, positive expectancies are more consistently related to 
alcohol use. We did not find conclusive evidence for a role of implicit processes in this 
stage of alcohol use. Yet, some adolescents seem to be prone to the implicit route, even 
in the initiation phase of alcohol use. This thesis shows that it might be the case that espe-
cially risk-prone adolescents such as adolescents who are either genetically predisposed 
to respond more positively to alcohol (e.g., OPRM1 G-allele carriers) or to experience less 
motivation to control alcohol use (e.g., when parents are not setting strict rules). Future 
research should examine whether positive expectancies become less important after 
repeated alcohol use, and implicit cognitions become more important. And, when this 
would be supported by research, at which exact point in an individual’s drinking career do 
implicit processes begin to predominate explicit processes? The answer to this question 
requires extensive longitudinal research. That is, compared to the longitudinal research 
presented in this thesis, more waves should be included in future studies, to carefully 
examine changes in the predictive utility of both implicit and explicit processes in the 
development of alcohol use. For instance, it has been suggested that explicit measures 
are related more to the initiation of alcohol use, while they seem to explain less variance 
in alcohol use with age (e.g., Leigh & Stacy, 2004). Yet, the same line of reasoning could 
apply to implicit measures; although impulsive measures may explain the initial phases of 
excessive alcohol use, habit formation could be related to more advanced stages.
  In addition, based on previous research and the studies presented in this thesis, 
moderators should be defined that may affect the relation between implicit and explicit 
processes and alcohol use, such as suboptimal executive functions (e.g., Thush et al., 
2008), genetic polymorphisms and alcohol-specific parental rule-setting. For instance, 
it is vital to include measures of executive functioning in future studies on the dual pro-
cess model. According to dual process models, controlled processes may predict alco-
hol use when executive functions are strong and implicit processes may predict alcohol 
use when executive functions are less well developed. Although the studies presented 
in this thesis did not confirm the hypothesis that working memory capacity moderates 
the effect of implicit processes or explicit processes on alcohol use, other studies have 
(e.g., Grenard et al., 2008; Thush et al., 2008). Future research should examine whether 
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these findings are related to emerging alcohol use in normative young adolescents as we 
did not find conclusive evidence. It could also be investigated whether other aspects of 
executive functions (e.g., cognitive flexibility or response inhibition) moderate the relation 
between implicit processes and alcohol use. 
  Other potential moderators could be related to genetic polymorphisms. Research 
has been carried out confirming the idea that implicit processes are affected by genetic 
polymorphisms. For instance, Wiers and colleagues (2009) showed that G-allele carri-
ers in the OPRM1 gene (male heavy drinkers) had an approach bias towards alcohol. 
In addition, an effect of the 5-HTT gene on attentional bias in smokers has been found 
(Munafó, Johnstone, & Mackintosh, 2005) and on attentional bias for emotional stimuli 
in psychiatric inpatients (Beevers, Gibb, McGeary, & Miller, 2007). Future research should 
include genetic polymorphisms to further investigate these relations. The specific poly-
morphisms that have to be included in those studies are not easily chosen (e.g., Van 
der Zwaluw & Engels, 2009); that is, molecular genetic studies on addiction have only 
begun to identify the genes of interest related to drinking. Many genes are thought to 
be important in explaining different drinking behaviors. When focusing on dual process 
model, future research could focus on genetic polymorphisms that may be associated 
with either implicit processes (e.g., OPRM1, DRD2, DRD4) or executive functions (e.g., 
the Catechol-O-Methyl-Transferase (COMT) gene). Regarding external factors that may 
be important moderators, we showed that alcohol-specific parental rule-setting curbed 
the effects of approach tendencies towards alcohol. Future research should determine 
whether other external or social factors are related to these processes as well. That is, 
previous research has shown that in adolescence, alcohol is used mainly in a context with 
others. It could be that implicit measures predict alcohol use more strongly in absence 
of peers’ or friends’ drinking, while implicit measures explain less variance in alcohol use 
adolescents are drinking in a social context.
  We speculate, based on the studies presented in this thesis, that sleep may deser-
ve a more prominent role in models on the etiology of addiction. The rationale comes 
not only from behavioral studies, showing an association between sleep and substance 
use in adolescence, but also from recent insights in neuroscience. Future research as 
well as the clinical practice should therefore consider to systematically include measures 
of sleep in scientific studies and in intakes. As has been shown, sleep problems form a 
serious concern to society, impacting so many aspects of every life, as well as vulnerabi-
lities to serious disorders, including addiction (e.g., Brower, 2001), obesity (Knutson & Van 
Cauter, 2008), diabetes type 2 (Knutson & Van Cauter, 2008) and ADHD (Cassoff, Wiebe, 
& Gruber, 2012). Regarding the latter, a recent study by Arns and colleagues has shown 
that prevalence of ADHD is related to solar intensity (i.e., prevalence of ADHD is higher 
in areas with a lower solar intensity; Arns, Van Der Heijden, Arnold, & Kenemans, 2013). 
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In addition, they have suggested that sleep problems play a key role in the initiation and 
escalation of ADHD. This is also discussed by these scholars in terms of vigilance models 
and autostabilisation behavior in ADHD (Arns & Kenemans, 2012). Indeed, it is very appea-
ling to classify psychopathological disorders along their vigilance or sleep profiles. Future 
research examining disorders with a connection to the dopamine reward system could 
consider also therefore measure aspects of sleep in their samples. 
  More specifically, it would be valuable to investigate whether improving sleep in 
adolescents may postpone the onset of alcohol use or reduce alcohol use in those who 
already started drinking. In a newly started study (Pieters, Wiers, and colleagues, 2014), we 
are examining the effect of combining a sleep intervention and a substance use interven-
tion on substance use in adolescents who have sleep problems and use substances on a 
problematic level. The sleep intervention consists of the sleep CBT by De Bruin and col-
leagues (2013) and the substance use intervention consists of Cogmed Working Memory 
training (e.g., Klingberg et al., 2005). It is hypothesized that combining these interventions 
will have a greater effect on substance use. 
  In many countries, entrance to secondary education is accompanied by an 
advance in school start time (vs. primary school). Together with the aforementioned 
phase delay, adolescents are thus at risk of becoming sleep deprived during weekdays 
(Carskadon, Wolfson, Acebo, Tzischinsky, & Seifer, 1998). In addition, homework assign-
ments that have to be completed at night may delay bedtimes even further, especially 
when electronic devices with blue lit screens are used to complete assignments. While 
studies have indicated that adolescents on average need 9 hours of sleep (Carskadon, 
Harvey, Duke, Anders, Litt, & Dement, 1980; Millman, 2005), only 20% of adolescents 
get this amount of sleep (Gibson et al., 2006; Mercer, Merritt, & Cowell, 1998). On the 
weekends, adolescents tend to compensate for this sleep debt by sleeping in, up to even 
3-4 hours longer compared to weekdays (Crowley, Acebo, & Carskadon, 2007). As a 
result, a large discrepancy arises in sleep patterns during weekdays and weekends (e.g., 
Carskadon, 2011). Results of our studies, combined with other studies on sleep and sub-
stance use, have indicated that sleep can serve as a protective factor against substance 
use. Besides having parents setting stricter bedtimes, which can be effective in reducing 
sleep problems (e.g., Short et al., 2011), secondary schools may reconsider the start-times 
of their curricula. 
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Samenvatting
Uit recente cijfers blijkt dat 21% van de kinderen uit groep 8 ervaring heeft met alco-
hol. Na jaren van toenemend gebruik, blijkt alcoholgebruik onder jongeren de laatste tijd 
gedaald te zijn. Dit bleek in het bijzonder het geval te zijn voor jongeren van 12 tot en 
met 14 jaar (Van Laar e.a., 2013). Daarnaast gaan Nederlandse jongeren tegenwoordig 
ook op latere leeftijd drinken en komt binge drinken minder voor bij jongeren (Van Laar 
e.a., 2013). Echter, Nederlandse jongeren drinken nog steeds veel alcohol vergeleken met 
leeftijdsgenoten uit andere Europese landen (Currie e.a., 2012). Het is daarom noodzake-
lijk om te onderzoeken welke factoren van belang zijn in het verklaren van alcoholgebruik 
door jongeren. 
Het voornaamste doel van dit proefschrift was te onderzoeken in hoeverre het dual 
process model van alcohol verslaving van toepassing is op beginnend alcoholgebruik 
van vroeg adolescenten. Volgens dit dual process model is verslaving aan alcohol de 
uitkomst van een disbalans tussen impulsieve en reflectieve processen. Dat wil zeggen, 
wanneer alcohol voor een langere periode wordt gebruikt, zullen impulsieve processen 
gebruik steeds beter voorspellen dan reflectieve processen. Dit zou te maken hebben 
met het neurobiologische proces van door alcohol geïnduceerde sensitisatie van dopa-
mine paden in de hersenen, gecombineerd met leerprocessen in de trant van klassieke 
conditionering. Dit proces zorgt ervoor dat alcohol cues haast reflexief leiden tot een bias 
in de aandacht en/of een bias in actietendens. Het model veronderstelt dat deze cogni-
tieve biases vervolgens weer leiden tot meer alcoholgebruik. Reflectieve processen zijn 
bijvoorbeeld verwachtingen over lange-termijn negatieve effecten. Waar impulsieve pro-
cessen vaak op een indirecte manier worden gemeten, bijvoorbeeld in computertaken, 
worden reflectieve processen vaak met vragenlijsten gemeten. Reflectieve processen 
verliezen het na frequent middelengebruik uiteindelijk aan voorspellende waarde, gezien 
het feit dat middelengebruik, zoals het gebruik van alcohol, een negatief effect heeft op 
de kwaliteit van functies geassocieerd met de mogelijkheid om gedrag te sturen. Deze 
functies worden ook wel executieve functies (EFs) genaamd. Voorbeelden van EFs zijn 
inhibitie, cognitieve flexibiliteit en werkgeheugen en deze worden doorgaans gemeten 
met taken in plaats van vragenlijsten. Wanneer de kwaliteit van EFs voldoende is, zul-
len reflectieve processen eerder van invloed zijn op gedrag; wanneer de kwaliteit van 
EFs echter te wensen overlaat, zal de invloed van impulsieve processen groter zijn (zie 
Grenard e.a., 2008; Thush e.a., 2008). 
In hoofdstuk 2 werd een onderzoek onder basisschoolleerlingen beschreven, waarin 
gekeken werd of geheugenassociaties en expliciete verwachtingen beginnend alco-
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holgebruik van kinderen voorspelden. In de eerste studie werd deze relatie onderzocht 
bij kinderen van gemiddeld 10 jaar; in studie 2 namen iets oudere kinderen (gemiddeld 
11 jaar) deel aan het onderzoek. Expliciete verwachtingen van alcoholgebruik werden 
gemeten met een vragenlijst. De geheugenassociaties werden gemeten in een Impliciete 
Associatie Test (IAT) met foto’s als stimuli. Deze foto’s toonden drankjes (alcohol of fris-
drank) en gezichten (blije of boze gezichten). De kinderen moesten deze foto’s zo snel 
mogelijk indelen in één van twee categorieën. Deze categorieën veranderden per blok 
van de taak. In het eerste blok vormden alcohol en blije gezichten (versus frisdrank en 
boze gezichten) een categorie, in het blok erna vormden alcohol en boze gezichten (ver-
sus frisdrank en blije gezichten) een categorie. De volgorde van de blokken werd gecoun-
terbalanced. Gemeten werd of de combinatie alcohol en blije gezichten (frisdrank en 
boze gezichten) relatief snellere responsen opleverde dan de combinatie alcohol en 
boze gezichten (frisdrank en blije gezichten). Belangrijk is op te merken dat de foto’s in 
studie 1 kinderen toonden, terwijl de foto’s in studie 2 volwassenen toonden. Resultaten 
lieten zien dat alle kinderen, in studie 1 en 2, relatief sneller waren in het indelen van foto’s 
wanneer de combinatie alcohol en boze gezichten een categorie vormde (versus fris-
drank en blije gezichten), dan wanneer de combinatie alcohol en blije gezichten (versus 
frisdrank en boze gezichten) een categorie vormde. In studie 2 werd verder aangetoond 
dat geheugenassociaties alcoholgebruik van kinderen voorspelden. Hoe meer kinderen 
alcohol met boze gezichten associeerden, hoe meer alcohol ze gebruikten. Deze relatie 
werd niet gevonden in studie 1. In beide studies werd wel gevonden dat expliciete ver-
wachtingen alcoholgebruik voorspelden. Dat wil zeggen, in de eerste studie voorspelden 
positieve verwachtingen alcoholgebruik en in de studie erna voorspelden arousal ver-
wachtingen alcoholgebruik. Er werd geen relatie gevonden tussen negatieve (studie 1) en 
sedation (studie 2) verwachtingen en alcoholgebruik. De resultaten uit hoofdstuk 2 zijn 
in lijn met eerder onderzoek dat laat zien dat in de beginfasen van alcoholgebruik, vooral 
expliciete positieve verwachtingen gecorreleerd zijn met het alcoholgebruik van kinderen 
en jongeren (Fromme et al., 1993; Patrick, Wray-Lake, Finlay, & Maggs, 2009). Dit zou 
mogelijk komen doordat kinderen voornamelijk positieve effecten observeren van alco-
holgebruik (Dalton e.a., 2005). Dat wil zeggen, kinderen zien bijvoorbeeld hun ouders 
(matig) alcohol gebruiken op feestjes of andere sociale gelegenheden (Verdurmen, Smit, 
Van Dorsselaer, Monshouwer & Schulten, 2008). Negatieve verwachtingen zijn meestal 
pas van voorspellende waarde voor alcoholgebruik in de volwassenheid, of wanneer 
alcoholgebruik problematischer wordt (Jones & McMahon, 1996). Impliciete cognities 
waren alleen met alcoholgebruik geassocieerd in de studie met iets oudere kinderen. In 
de studie met de jongere kinderen vonden we geen aanwijzingen voor een verband tus-
sen impliciete cognitie en beginnend alcoholgebruik. Dit zou te maken kunnen hebben 
met de verschillende stimuli die zijn ingezet in de IATs in studie 1 en 2. Dat wil zeggen, in 
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studie 1 werden gezichten getoond van kinderen, in studie 2 van volwassenen. De dis-
crepantie in de resultaten van beide onderzoeken zou misschien verklaard kunnen wor-
den door een eventuele sociale norm bij kinderen. Hiermee wordt bedoeld dat kinderen 
die al wel eens alcohol gebruikt hebben op jonge leeftijd eventueel al ervaring hebben 
met negatieve reacties (bijv. boze gezichtsuitdrukking) van ouders of andere volwassenen 
(bijv. familieleden of leraren) op hun alcoholgebruik. Deze ervaringen zouden kunnen 
zijn opgeslagen als associaties in het geheugen en derhalve in deze IATs gemeten. Als 
dit zou kloppen, is het ook eenvoudig te beargumenteren waarom we geen relatie von-
den tussen impliciete cognities en alcoholgebruik in studie 1, waarin foto’s van kinderen 
werden getoond in de IAT. In deze leeftijdsgroep is het wat minder waarschijnlijk dat 
kinderen andere kinderen zien drinken en is de kans dat er een sociale norm aanwezig is 
ten overstaande van alcoholgebruik van leeftijdsgenoten klein (Donovan & Molina, 2008). 
Toekomstig onderzoek zal moeten uitwijzen of deze resultaten gerepliceerd kunnen 
worden en wat de onderliggende processen zijn in deze relatie.
Hoofdstuk 3 gaat over vroeg adolescenten (gemiddelde leeftijd 13,82 jaar). In dit hoofd-
stuk werd gekeken in hoeverre alcoholgebruik bij vroeg adolescenten voorspeld kon 
worden door zogenaamde actietendensen gericht op alcoholgebruik. Zoals hierboven 
al beschreven staat wordt er verondersteld dat deze actietendensen gericht op alco-
holgebruik ontstaan na een periode van frequent alcoholgebruik. In hoofdstuk 3 werd 
onderzocht in hoeverre deze actietendensen al gerelateerd zijn aan gebruik in de vroe-
ge adolescentie. Verder werd de vraag gesteld of deze actietendensen wellicht alleen 
geassocieerd zouden zijn met gebruik in een specifieke groep jongeren. We onder-
zochten twee mogelijke factoren: werkgeheugen en regels van ouders t.a.v. alcoholge-
bruik. Verwacht werd, gebaseerd op eerder onderzoek (Grenard e.a., 2008; Thush e.a., 
2008), dat er met name een relatie tussen actietendensen en alcoholgebruik zou worden 
gevonden bij jongeren met een relatief minder sterk werkgeheugen. Wat betreft de regels 
die ouders hebben t.a.v. alcoholgebruik hadden we minder sterke hypothesen. Deze fac-
tor werd met name geïncludeerd om te kijken in hoeverre een factor buiten de adoles-
cent zelf ook van invloed zou kunnen zijn op de mogelijke effecten van actietendensen 
op gebruik. Uit eerder onderzoek wisten we al wel dat regels t.a.v. alcoholgebruik een 
sterk effect hebben op alcoholgebruik van jongeren (o.a. Van der Vorst e.a., 2006, 2007). 
Om deze hypothesen te testen werd bij jongeren een Stimulus Response Compatibility 
taak afgenomen om actietendensen te meten. Voorts vulden jongeren een vragenlijst in 
waarin gemeten werd wat hun perceptie was van de regels die ouders stellen t.a.v. alco-
holgebruik. Een Self-Ordered Pointing Task werd afgenomen om werkgeheugencapaci-
teit te bestuderen. De resultaten toonden aan dat de interactie tussen actietendensen en 
werkgeheugencapaciteit op alcoholgebruik niet significant was. De relatie tussen actie-
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tendensen en alcoholgebruik werd echter wel gemodereerd door de alcohol-specifieke 
regels van ouders, bij jongens. Wanneer ouders streng waren, was de relatie tussen actie-
tendensen en alcoholgebruik negatief. Met andere woorden, meer actietendensen voor-
spelden minder alcoholgebruik bij deze jongens. Echter, voor jongens met ouders die 
enigszins regels stelden of juist permissief waren, was de relatie tussen actietendensen en 
alcoholgebruik positief. De sterkste relatie tussen actietendensen en alcoholgebruik werd 
gevonden in de groep met permissieve ouders. Dat er geen interactie werd gevonden 
tussen actietendensen en werkgeheugen is niet in lijn met eerder onderzoek (Grenard 
e.a., 2008; Thush e.a., 2008). Een verklaring hiervoor zou mogelijk kunnen zijn dat naast 
capaciteit om alcoholgebruik te reguleren, bijvoorbeeld door een sterk ontwikkeld werk-
geheugen, het volgens het dual process model ook van belang is of een individu een 
motivatie heeft om alcoholgebruik te controleren. In deze groep adolescenten zou men 
kunnen veronderstellen dat er nog weinig motivatie is vanuit de adolescent zelf, om het 
alcoholgebruik te reguleren. Wel blijkt uit de resultaten van dit onderzoek dat er factoren 
te benoemen zijn die ook al op deze leeftijd actietendensen kunnen controleren. Deze 
factoren liggen met name buiten de adolescent- in dit geval bij de ouders. Ons onder-
zoek suggereert dat de regels die ouders stellen op een of andere manier toch beklijven 
bij adolescenten en krachtig genoeg zijn om de effecten van actietendensen te sturen. 
Toekomstig onderzoek zal moeten uitwijzen of deze resultaten robuust zijn en zou ook 
mogelijk indicaties kunnen geven voor preventie en interventie.
Om meerdere elementen uit het dual process model te testen, werd er een uitgebreide 
analyse gedaan in hoofdstuk 4. Zo werd gekeken of alcohol-specifieke impulsieve en 
reflectieve processen alcoholgebruik voorspelden, al dan niet gemodereerd door werk-
geheugencapaciteit. Er werden vier typen alcohol-specifieke impulsieve processen geme-
ten. Allereerst werd een aandachtsbias gemeten in een Visual Probe test. Actietendensen 
werden onderzocht in bovengenoemde Stimulus Response Compatibility taak. Voorts 
werden er bepaalde geheugenassociaties gerelateerd aan alcoholgebruik getest. Dit 
werd gedaan in een woordassociatietaak, waarbij de jongeren werd gevraagd hun eerste 
associatie met een ambigu woord op te schrijven (bijv. vaasje). De mate waarin jonge-
ren ambigue woorden associeerden met alcohol was de uitkomstmaat van deze test. 
Daarnaast werden er in een IAT associaties tussen alcohol en arousal gemeten (Thush 
e.a., 2007). Reflectieve processen werden onderzocht in vragenlijsten naar expliciete 
positieve en negatieve verwachtingen ten aanzien van alcoholgebruik. Met een SOPT 
werd werkgeheugencapaciteit getest. De gegevens zijn in drie modellen getoetst. Het 
eerste model bevatte alleen de alcohol-specifieke impulsieve processen en hun interactie 
met werkgeheugencapaciteit. Uit dit model kwam naar voren dat geen van de vier alco-
hol-specifieke impulsieve processen alcoholgebruik voorspelden. Ook werd er gevonden 
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dat werkgeheugencapaciteit de relatie tussen alcohol-specifieke impulsieve processen 
en alcoholgebruik niet modereerde. Alcoholgebruik werd enkel en alleen voorspeld door 
baseline alcoholgebruik. In het volgende model werd tevens gekeken of positieve ver-
wachtingen alcoholgebruik voorspelden. Er werd gevonden dat positieve verwachtingen 
alcoholgebruik één jaar later voorspelden. Werkgeheugencapaciteit speelde geen rol in 
deze relatie. Daarnaast werd er een interactie gevonden tussen de geheugenassociaties 
gemeten in de IAT en positieve verwachtingen. Voor adolescenten met weinig positieve 
verwachtingen van alcohol voorspelden hogere IAT scores minder alcoholgebruik. In het 
laatste model werd negatieve verwachtingen meegenomen, in plaats van positieve ver-
wachtingen. De resultaten lieten zien dat negatieve verwachtingen geen relatie hadden 
met alcoholgebruik. Echter, er werd wel een relatie gevonden tussen de interactie tus-
sen actietendensen en negatieve verwachtingen en alcoholgebruik. Voor adolescenten 
met weinig negatieve verwachtingen van alcoholgebruik voorspelden hogere SRC scores 
meer alcoholgebruik. Concluderend kan er op basis van hoofdstuk 4 worden gesugge-
reerd dat bij vroeg adolescenten met name eerder alcoholgebruik en positieve verwach-
tingen geassocieerd zijn met toekomstig alcoholgebruik. Dit is in lijn met eerder onder-
zoek dat aantoonde dat in de beginfasen van alcoholgebruik, positieve verwachtingen 
van alcoholgebruik een grote rol spelen in huidig en later gebruik. Alcohol-specifieke 
impulsieve processen, zo werd gevonden in deze studie, voorspelden alcoholgebruik 
niet. Werkgeheugencapaciteit bleek een moderator noch in de relatie tussen alcohol-
specifieke processen en alcoholgebruik, noch in de relatie tussen reflectieve processen 
en alcoholgebruik. Een mogelijke reden voor de afwezigheid van een relatie tussen auto-
matische processen en alcoholgebruik zou kunnen zijn dat de jongeren in deze studie te 
weinig ervaring hadden met alcohol. 
Hoofdstuk 5 ging wederom over alcohol-specifieke impulsieve processen en alcohol-
gebruik, dit keer bij vroeg adolescenten (studie 1) en jong volwassenen (studie 2). In het 
bijzonder stond centraal of er individuele factoren te benoemen zijn die de relatie tus-
sen alcohol-specifieke processen en alcoholgebruik modereren. Dit keer werd er bestu-
deerd of genetische factoren wellicht een modererend effect zouden kunnen hebben op 
de relatie tussen aandachtsbias en alcoholgebruik. Aandachtbias werd gemeten in een 
Visual Probe taak. De genetische factoren waren polymorfismen in het opioid en dopa-
mine systeem. Het OPRM1 polymorfisme is een polymorfisme in het mu-opioid receptor 
gen en is gelinkt aan affectieve reacties op alcohol, craving en actietendensen (bijv. Ray 
& Hutchison, 2004; Wiers e.a., 2009). Het DRD4 polymorfisme is een polymorfisme in 
het dopamine D4 receptor gen en dit gen wordt ook wel in verband gebracht met cra-
ving (Hutchison e.a., 2002). De resultaten van studie 1 toonden aan dat aandachtsbias 
alleen gerelateerd was aan alcoholgebruik (frequentie en intensiteit) in dragers van het 
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OPRM1 G-allel. In studie 1 kon helaas niet worden geanalyseerd in hoeverre er ook een 
modererend effect was van het DRD4 polymorfisme, aangezien de allel frequenties niet 
in “Hardy-Weinberg equilibrium” waren. In studie 2 werd geen interactie gevonden tus-
sen aandachtsbias en OPRM1 op alcoholgebruik van jong volwassenen. In studie 2 werd 
wel een interactie tussen aandachtsbias en DRD4 op alcoholgebruik gevonden. Alleen 
in dragers van 6 of meer herhalingen in het DRD4 gen voorspelde aandachtsbias alco-
holgebruik bij jong-volwassenen. Gebaseerd op deze analyses zou voorzichtig kunnen 
worden geconcludeerd dat de relatie tussen alcohol-specifieke impulsieve processen en 
alcoholgebruik afhankelijk is van individuele, aangeboren, factoren. De studies in hoofd-
stuk 5 hebben laten zien dat genen die eerder al geassocieerd zijn met alcoholgebruik, 
zoals OPRM1 en DRD4 polymorfismen, deze relatie beïnvloeden. Toekomstig onderzoek 
zal in eerste instantie deze resultaten moeten repliceren. Daarnaast is het belangrijk zeker 
te zijn dat er in toekomstige projecten zowel de genotypen, de alcohol-specifieke impul-
sieve processen als het fenotype op een vergelijkbare manier worden gemeten. 
In hoofdstuk 6 stond de relatie tussen alcohol-specifieke regels, genetica en alcoholgebruik 
centraal. De hoofdvragen in dit onderzoek waren in hoeverre de relatie tussen alcohol-spe-
cifieke regels en alcoholgebruik van jongeren werd gemodereerd door een polymorfisme in 
het dopamine D2 receptor gen (DRD2) en door een polymorfisme in het mu-opioid receptor 
gen. Wat betreft het DRD2 gen is aangetoond dat individuen die een T-allel bezitten, minder 
dopamine receptoren in het brein hebben (Pohjalainen et al., 1998; Thompson et al., 1997). 
Er wordt gezegd dat deze personen de neiging hebben om deze verminderde dopamine 
“status” te compenseren door meer alcohol te nuttigen dan individuen zonder dit allel. Waar 
eerder onderzoek al heeft geïndiceerd dat alcohol-specifieke regels alcohol voorspelden 
alleen in dragers van een DRD2 T-allel, wilden we in dit hoofdstuk kijken of deze resulta-
ten konden worden gerepliceerd en worden aangevuld met resultaten op het gebied van 
een ander polymorfisme. De bevindingen lieten zien dat er een sterker verband was tussen 
alcohol-specifieke regels en alcoholgebruik in de DRD2 risico groep (T-allel dragers) vergele-
ken met een niet risico groep. Daarbij werd ook een sterkere relatie tussen alcohol-specifieke 
regels en alcoholgebruik gevonden voor G-dragers in het OPRM1 gen dan voor de groep 
zonder G-allel. Samenvattend kan worden gespeculeerd dat bepaalde adolescenten meer 
baat hebben bij ouders die strenge regels stellen t.a.v. alcoholgebruik. Deze groep jongeren 
kan worden aangeduid aan de hand van genetische polymorfismen. In hoofdstuk 6 is ook 
uitsluitend aangetoond dat bij jongeren met een bepaalde genetische predispositie dit effect 
van alcohol-specifieke regels op alcoholgebruik wellicht nog sterker kan zijn dan voor ove-
rige jongeren. Toekomstig onderzoek zou moeten uitwijzen of deze resultaten gerepliceerd 
kunnen worden en of er, wanneer er meer bewijs is voor dit effect, mogelijk op een positieve 
manier inhoudelijk kan worden bijgedragen aan interventieprogramma’s.  
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Hoofdstuk 7 en 8 stonden in het teken van slaap en middelengebruik. Zowel middelen-
gebruik als slaap kennen een sterke ontwikkelingscomponent. Dat wil zeggen, waar in de 
vroege adolescentie geleidelijk aan meer belangstelling komt voor middelen, verandert 
ook de slaap in deze ontwikkelingsfase. Dit heeft o.a. te maken met psychosociale proces-
sen die in de overgang van basisschool naar middelbare school stapsgewijs steeds meer 
van belang zijn, bijvoorbeeld het uitgaan ’s avonds. Een belangrijke factor in beide proces-
sen is ook het begin van de puberteit. Onderzoek heeft aangetoond dat alcoholgebruik 
gerelateerd is aan de timing van puberteit (vroeg of laat m.b.t. leeftijdsgenoten) en aan de 
mate van puberteit (beginnend of bijna aan het eind van de puberteit). Puberteit verandert 
de slaap zodanig dat jongeren steeds meer de neiging krijgen op een later moment naar 
bed te gaan en ook op een later moment op te staan. Het onderliggend mechanisme 
achter deze verschuiving wordt ook wel gerelateerd aan de biologische klok. Jongeren 
die steeds later naar bed willen, hebben echter doordeweeks een probleem omdat de 
school geen rekening houdt met deze voorkeur. Het effect is dat jongeren doordeweeks 
te weinig slapen. In het weekend compenseren jongeren dit door vaak en lang in bed te 
liggen. Het verschil tussen de doordeweekse en weekend slaap is bij deze jongeren van 
zulk een grootte dat er ook wel gesproken wordt van een “social jetlag”. Op de korte ter-
mijn heeft slaperigheid effecten op verschillende processen, zoals geheugen, concentra-
tie, aandacht en schoolprestaties. Ook wordt slaperigheid in verband gebracht met geïrri-
teerdheid en angstige gevoelens. Wanneer de slaapproblemen langer blijven bestaan, kan 
er ook sprake zijn van ernstiger effecten. In hoofdstuk 7 werd het verband tussen puber-
teit, slaapvoorkeur, slaapproblemen en alcoholgebruik bestudeerd. Er werd verwacht dat 
puberteit gerelateerd zou zijn aan een voorkeur voor latere bedtijden en meer slaappro-
blemen. Ook werd verwacht dat een voorkeur voor latere bedtijden en slaapproblemen 
zouden zijn gelinkt aan meer middelengebruik. Daar bovenop werd nog verwacht dat 
puberteit direct zou zijn gerelateerd aan middelengebruik. De resultaten bevestigden alle 
hypothesen. Jongeren die al verder in de puberteit waren hadden een voorkeur voor 
latere bedtijden en meer slaapproblemen. Een voorkeur voor latere bedtijden en slaap-
problemen waren beide gerelateerd aan meer alcoholgebruik. Puberteitsstatus was posi-
tief gerelateerd aan alcoholgebruik. Een mogelijke verklaring voor de gevonden effecten 
zou kunnen zijn dat zowel slaapvoorkeur en slaapproblemen als alcoholgebruik verklaard 
kunnen worden uit andere factoren, zoals symptomen van affectieve of gedragsmatige 
stoornissen. Resultaten van hoofdstuk 7 lieten echter zien dat de relaties ongewijzigd 
bleven wanneer er rekening werd gehouden met deze symptomen. 
Hoewel de resultaten uit hoofdstuk 7 een relatie toonden tussen puberteit, slaap en 
alcoholgebruik, was nog niet duidelijk in hoeverre er een wederkerig verband tussen 
deze processen zou kunnen worden gevonden. Dat wil zeggen, in hoeverre voorspel-
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len slaapproblemen middelengebruik over tijd en in hoeverre voorspelt middelengebruik 
slaapproblemen over tijd. Verder werd ook gekeken naar longitudinale relaties tussen 
slaap en emotionele en gedragsmatige problemen. De resultaten uit hoofdstuk 8 lieten 
zien dat slaapproblemen meer alcoholgebruik, roken, gebruik van marihuana, emotio-
nele en gedragsmatige problemen voorspelden over tijd. Omgekeerd voorspelde pro-
bleemgedrag slaapproblemen niet. Met uitzondering van alcoholgebruik, dat voorspelde 
opvallend genoeg juist minder slaapproblemen. Concluderend kan voorzichtig worden 
gesuggereerd dat slaapproblemen voorlopers zijn van ander probleemgedrag (bijv. mid-
delengebruik), maar dat probleemgedrag niet direct aanleiding geeft tot een verandering 
in slaapproblemen. Wat betreft de relatie tussen middelengebruik en veranderingen in 
slaap zou dat te maken kunnen hebben met het feit dat de jongeren in dit onderzoek 
weinig middelen gebruikten. Bij volwassenen met een alcoholprobleem wordt namelijk 
wel vaak gevonden dat alcohol ook effect heeft op slaap (Brower, 2001). Toekomstig 
onderzoek moet uitwijzen wat het onderliggend mechanisme is dat ten grondslag ligt 
aan deze relatie. Recente onderzoeken wijzen uit dat slaap een belangrijke rol speelt in 
het functioneren van diverse systemen in het brein en de rest van het lichaam die ook 
te maken hebben met verschillende symptomen van probleemgedrag. Zo wordt gesug-
gereerd dat slaaptekort zorgt voor een (tijdelijke) vermindering in de mate van controle 
over gedrag en gevoelens. In lijn met deze onderzoeken is het geen verrassing dat slaap-
problemen bij jongeren leiden tot probleemgedrag. In het kader van dit gegeven is de 
adolescentie tevens een zeer gevoelige periode wat betreft deze processen gegeven het 
feit dat diverse hersengebieden die hiermee gemoeid gaan nog volop aan het ontwik-
kelen zijn. Verder zou onderzoek ook moeten aantonen in hoeverre slaaptherapie voor 
sommige jongeren mogelijke symptomen van psychopathologie zou bestrijden. 
Bovenstaande geeft aanleiding tot het doen van verder onderzoek. Zo zou verder moe-
ten worden bekeken wanneer positieve verwachtingen minder belangrijk worden, na 
herhaaldelijk gebruik van alcohol, en wanneer impliciete processen belangrijker worden. 
Het antwoord op deze vraag kan worden gegeven na uitgebreid longitudinaal onderzoek. 
Hierbij kan worden gedacht aan longitudinaal onderzoek met meerdere waves om pre-
cies te kunnen onderzoeken hoe de voorspellende waarde van expliciete en impliciete 
processen verandert over tijd en met gebruik. Zo is uit onderzoek gebleken dat expliciete 
processen meer gerelateerd zijn aan beginnen met drinken, terwijl expliciete processen 
op latere leeftijd minder variantie verklaren in alcoholgebruik. Echter, dezelfde lijn van 
redeneren kan worden toegepast op impliciete processen; hoewel impliciete processen 
wellicht de beginfasen van overmatig alcoholgebruik voorspellen, kan gewoontevorming 
gerelateerd zijn aan latere fasen van overmatig alcoholgebruik. 
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Daarnaast zou toekomstig onderzoek zich kunnen richten op mogelijke moderatoren 
op de relatie tussen impliciete en expliciete processen, en alcoholgebruik, zoals subop-
timale executieve functies, genetische polymorfismen of alcohol-specifieke opvoeding. 
Hoewel de onderzoeken in dit proefschrift niet bevestigden dat werkgeheugencapaci-
teit de relatie tussen impliciete of expliciete processen en alcoholgebruik modereerde, 
vonden andere onderzoeken dit wel (Grenard e.a., 2008; Thush e.a., 2008). Toekomstig 
onderzoek zal moeten uitwijzen of deze bevindingen kunnen worden gerepliceerd bij 
zich normatief ontwikkelende adolescenten, aangezien wij hier geen bewijs voor von-
den. Verder kan worden onderzocht of andere aspecten van executieve functies, zoals 
cognitieve flexibiliteit of inhibitie, de relatie tussen impliciete of expliciete processen en 
alcoholgebruik modereren. 
Daarnaast zou verder onderzoek zich kunnen richten op de rol van slaap in de ontwikke-
ling van alcoholgebruik bij jongeren. Wij speculeren  dat slaap een prominentere rol mag 
krijgen in modellen over de etiologie van verslaving. Deze rationale is niet alleen geba-
seerd op gedragsstudies, waarin werd aangetoond dat slaap en middelengebruik geas-
socieerd zijn, maar ook vanuit recente inzichten in de neurowetenschap, waarbij aan-
getoond werd dat slaap was gerelateerd aan hersengebieden die ook betrokken zijn bij 
verslaving. Daarnaast zou het interessant zijn om te onderzoeken in hoeverre preventieve 
acties gericht op het verbeteren van slaap ook een gunstig effect hebben op bijvoorbeeld 
het uitstellen van alcoholgebruik van jongeren. 
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